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1.Carl Sagan, The Earth Is Where We Make Our Stand, YOUTUBE (Nov. 30, 
2013), https://www.youtube.com/watch?v=Iv-1W4LSf9o. 
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I. UNFORCED ERROR IN INTERNATIONAL POLICY 
International leaders recently admitted a fundamental 
unforced error in their calculations shaping critical 
international law on the Earth’s atmosphere. This error is 
pushing world climate to the “tipping points” “that will alter 
regional and global environmental balances” “irreversible within 
the time span of our current civilization.”2 International officials 
performed basic climate math incorrectly, not accurately 
inputting a critical key climate operand:3 Time. Any 
miscalculation regarding the basic science can operate in favor 
of the Planet or against it. This miscalculation works against the 
Planet, and increases tensions among world nations over one of 
the most contentious and lasting international issues, climate 
impacts.4 
The second most pernicious warming chemical was 
improperly factored and miscalculated by several hundred 
percent as to its real-time impacts on climate—a Herculean 
miscalculation of global proportions.5 This article highlights this 
miscalculation, identifies precisely why it occurred with no real-
time international correction, and then traces the lasting 
implications on climate and tension between developed and 
developing countries going forward in international policy and 
law. Starting with the chemistry: methane (CH4) even before 
correcting for global officials’ critical failure to consider real 
impact in real time, is considered by scientists as the second 
most pernicious warming chemical in the world, after carbon 
                                                        
 2. See generally New Science and Developments in Our Changing 
Environment, 2009 Y.B. UNEP 21, U.N. Docs. UNEP/GC.25/INF/2. 
 3. See Seth Borenstein, The Great Methane Miscalculation, THE DURANGO 
HOTEL (Nov. 27, 2013) (An operand is one of the inputs (quantities) for an 
operation). 
 4. See generally Steven Ferrey, The Green Climate Fund, International 
Governance, and Climate Justice in Developing Nations, in CLIMATE JUSTICE: 
CASE STUDIES IN GLOBAL AND REGIONAL GOVERNANCE CHALLENGES 49 
(Randall S. Abate ed., 2016) [hereinafter Ferrey, The Green Climate Fund]. 
 5. In real time methane is at approximately eighty-six times more heat 
trapping than CO2. The IPCC Fifth Assessment Report now calculates that a 
molecule of methane with its calculated lifetime of 12.4 years, exhibits a global 
warming potential of eighty-six times that of CO2 (with a value of 1) when 
calculated over twenty years, or thirty-four times that of CO2 when calculated 
over 100 years. Joe Romm, How the EPA and New York Times Are Getting 
Methane All Wrong, THINKPROGRESS, (Aug 20, 2015, 3:53 PM), 
https://thinkprogress.org/how-the-epa-and-new-york-times-are-getting-
methane-all-wrong-eba3397ce9e5/. 
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dioxide; alone, it causes more than one-quarter of international 
climate warming, traditionally as shown in Figure 1.6 
 
Figure 1. Contribution of Current Greenhouse Gas 
Emissions to Global Warming 
 
Nonetheless, the United Nations Framework Convention on 
Climate Change (UNFCCC) carbon policy, the Kyoto Protocol, 
and the recent international Paris Agreement, did not correctly 
calculate or calibrate methane’s critical real impact on climate 
and international law.7 The short-lived global warming 
chemicals include methane (CH4), black carbon (“soot”), and 
fluorinated gases (F-gases, including hydrofluorocarbons 
(HFCs)), when correctly accounting for time, together are 
responsible for about forty percent of current net climate 
warming forcing change, not only one-third of this amount as 
traditionally assumed.8 Methane, alone, is responsible for the 
vast majority of this undervalued forty percent share of climate 
change.9 The United Nations International Panel on Climate 
                                                        
 6. See Overview of Greenhouse Gases: Methane Emissions, U.S. ENVTL. 
PROTECTION AGENCY, https://www.epa.gov/ghgemissions/overview-
greenhouse-gases#methane (last visited Aug. 26, 2016). 
 7. Bill McKibben, Global Warming’s Terrifying New Chemistry, THE 
NATION (Mar. 23, 2016) [hereinafter McKibben, New Chemistry], 
https://www.thenation.com/article/global-warming-terrifying-new-chemistry/. 
 8. CAL. ENVTL. PROT. AGENCY, PROPOSED SHORT-LIVED CLIMATE 
POLLUTANT REDUCTION STRATEGY (2016), 
https://www.arb.ca.gov/cc/shortlived/meetings/04112016/proposedstrategy.pdf. 
 9. See id. at 10 tbl. 2 (showing methane as having the majority share of 
warming of chemicals other than CO2). 
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Change (IPCC) concludes that to contain warming in the 
world to less than an increase (over historic levels) of no 
more than 2°C in temperature, there would need to be a forty 
to seventy percent reduction of greenhouse gas (GHG) emissions 
by 2050, including methane, from 2010 levels; to maintain an 
increase of no more than 1.5°C, a seventy to ninety percent 
reduction from 2010 levels is necessary.10 
International climate policy focused myopically on one 
warming chemical: carbon dioxide (CO2), the most prevalent 
GHG.11 International organizations committed a palpable 
miscalculation by not assessing methane in its real-time impact, 
or factored into international law and policy its actual, accurate 
increasing damage.12 Warming molecules released anywhere on 
the Planet, warm the entire world—not just the immediate space 
where they are released.13 This existing miscalculation of the 
warming impact of methane was not corrected or remedied as 
part of the international climate change agreements reached in 
Paris in December 2015. The international legal regime 
continued to overlook the real impact of methane and focus 
principally on carbon dioxide, which has a less intense 
molecular impact on climate than does methane in real time.14 
 
                                                        
 10. INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE [IPCC], CLIMATE 
CHANGE 2014: SYNTHESIS REPORT SUMMARY FOR POLICYMAKERS 20–21 (2014), 
https://www.ipcc.ch/pdf/assessment-
report/ar5/syr/AR5_SYR_FINAL_SPM.pdf. 
 11. MARIANNE FAY ET AL., DECARBONIZING DEVELOPMENT: THREE STEPS 
TO A ZERO-CARBON FUTURE 25–26 (2015), 
http://www.worldbank.org/content/dam/Worldbank/document/Climate/dd/deca
rbonizing-development-report.pdf (focusing on carbon dioxide and not on other 
GHGes); see generally JAMES H. WILLIAMS ET AL., PATHWAYS TO DEEP 
DECARBONIZATION IN THE UNITED STATES (2014) (focusing on carbon dioxide 
emissions from the burning of fossil fuels and industrial processes). 
 12. See infra Section II.A. 
 13. See generally Environmental Impact by Energy Source, ENERGY4ME, 
http://energy4me.org/all-about-energy/sustainability/environmental-impact-
by-source/ (last visited Aug. 26, 2017); Rocky Mountain Farmers Union v. Corey, 
730 F.3d 1070, 1081 (9th Cir. 2013) (“One ton of carbon dioxide emitted when 
fuel is produced in Iowa or Brazil harms Californians as much as one emitted 
when fuel is consumed in Sacramento.”); Brief of Amici Curiae Ken Caldeira, 
Ph.D. et al., Rocky Mountain Farmers Union v. Goldstene, 843 F.Supp.2d 
1071(9th Cir. 2013) (Nos. 12-15131, 12-15135), 2012 WL 2376705, at *27 
(“Greenhouse gas emissions contribute to the problem of global climate change 
wherever they are emitted.”). 
 14. See infra Section II.A. 
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Figure 2. Sources of U.S. Non-CO2 Greenhouse Gas 
Emissions by Gas, 2014 (MMT CO2E) 
 
This article re-analyzes international science, law, and 
policy in real time: analyzing the second actor now center-stage, 
methane, confronted by the next phase of remedial international 
law and policy. Sector by sector, this article identifies the 
required policy and law corrections to maintain control over 
global climate. The dominant role of methane, aside from carbon 
dioxide, in climate warming is shown in blue in Figure 2.15 
Methane is the dominant causative factor among the short-lived 
chemicals in Figure 2 pushing the Earth to its climate warming 
“tipping point.”16 This article: 
1. Identifies the critical international policy error; 
2. Corrects the real-time calculation of methane on climate; 
                                                        
 15. THE WHITE HOUSE, UNITED STATES MID-CENTURY STRATEGY FOR 
DEEP DECARBONIZATION 88 tbl. 6.1 (2016), https://unfccc.int/files/focus/long-
term_strategies/application/pdf/mid_century_strategy_report-final_red.pdf. 
 16. New Science and Developments in Our Changing Environment supra 
note 2, at 21. 
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3. Details all of the policy options in each sector of the 
economy for methane emission control in developing 
international countries; 
4. Assesses the upcoming impact of a new $100 billion/year 
in annual international climate finance as a re-established 
fulcrum to remedy the problem; and 
5. Contrasts policy responsibility internationally between 
developed and developing countries. 
Section II re-examines the science of methane in real time, 
analyzes methane both quantitatively in its growing global 
impact, and qualitatively in its impact in real time, and 
identifies and outlines necessary corrections in how 
international law and policy must recalculate the real-time 
impact of methane on the planet’s environment. Section III 
analyzes the core sources of methane release from human 
activity, the prodigious use of fossil fuels around the globe in 
developing and developed countries, the impacts of recent 
substitution of natural gas for coal to produce electricity, as well 
as the substitution of renewable energy sources for fossil fuel use 
for electricity. Section III compares and contrasts at an 
international level the developed and developing countries’ 
options to control GHG emissions of the two chemicals that must 
be controlled, methane and carbon dioxide. 
Section IV examines legal policy options to stop methane 
escaping from international waste management and handling in 
landfills, human waste processing, agricultural activities, and 
from coal extraction. Current international law and policy do not 
competently or adequately recapture methane waste, nor 
adequately recycle the captured methane waste to produce 
renewable energy. Section IV analyzes the policy options, 
potential results, and legal implications in real time, proposing 
legal and regulatory alternatives and assessing their efficacy. 
Section V enters the international conflict; contrasting the 
developed countries’ responsibilities compared to the world’s 
developing countries’ obligations. Energy use is a principal 
driver of both methane and carbon dioxide emissions causing 
climate change.17 In the next five years, there will be a massive 
                                                        
 17. See Overview of Greenhouse Emissions: Carbon Dioxide, U.S. ENVTL. 
PROTECTION AGENCY, https://www.epa.gov/ghgemissions/overview-
greenhouse-gases (last updated Oct. 31, 2018) (showing electric energy 
production as the most significant contribution); see also STEVEN FERREY, 
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investment in electrification projects internationally in 
developing nations.18 It is projected that more than seventy-one 
percent of all future energy use and carbon dioxide emission 
increases will come from developing countries.19 There currently 
are not programs addressing increasing amounts of methane 
emissions in developed countries.20 
Having identified and excavated this international unforced 
error, the article constructively navigates a remedial course: 
Section V analyzes the new $100 billion/year in annual finance 
starting in 2020 for developing country climate adaption and 
mitigation (the largest sustained international transfer of 
wealth in history),21 as an international legal fulcrum to correct 
the unforced error. Section V compares and contrasts 
international policy responsibilities between developed and 
developing countries. Analyzing how this international fulcrum 
could be correctly leveraged, the world could achieve a “win-win” 
climate outcome. 
II. THE INTERNATIONAL SECOND CHEMICAL – 
METHANE 
A.  THE CALCULATION UNDERGIRDING INTERNATIONAL 
CLIMATE LAW 
The Paris Agreement of the UNFCCC Conference of the 
Parties on Climate Change in December 2015, with 186 nations 
of the 197 nations attending, agreed to hold “the increase in the 
global average temperature to well below 2°C above pre-
                                                        
UNLOCKING THE GLOBAL WARMING TOOLBOX 17 figs.2 & 3 (2010) [hereinafter 
FERREY, GLOBAL WARMING TOOLBOX]. 
 18. U.S. ENERGY INFO. ADMIN., DOE/EIA-0484(2016), INTERNATIONAL 
ENERGY OUTLOOK 2016, 7–8 (May 2016), 
https://www.eia.gov/outlooks/ieo/pdf/0484(2016).pdf [hereinafter 
INTERNATIONAL ENERGY OUTLOOK 2016]; see also FERREY, GLOBAL WARMING 
TOOLBOX, supra note 17, at 273. 
 19. U.S. ENERGY INFO. ADMIN., DOE/EIA-0484(2013), INTERNATIONAL 
ENERGY OUTLOOK 2013, 9 (July 2013), 
https://www.eia.gov/outlooks/ieo/pdf/0484(2013).pdf [hereinafter 
INTERNATIONAL ENERGY OUTLOOK 2013]; INTERNATIONAL ENERGY OUTLOOK 
2016, supra note 18. 
 20. See generally, INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18. 
 21. U.N. Secretary-General, High-Level Advisory Group on Climate 
Change Financing, ¶ 6, U.N. Doc. 10-63081 (Nov. 5, 2010). 
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industrial levels”22 and to “pursue efforts to limit the 
temperature increase to 1.5°C above pre-industrial levels, 
recognizing that this would significantly reduce the risks and 
impacts of climate change.”23 These promises ignore a different 
reality: The world is not scheduled to maintain anything close to 
the pledge of all nations in the 2015 Paris Agreement of a 1.5-
2°C temperature increase; instead, the world is already on a 
path to reach a temperature increase of at least 4°C.24 
The three predominant GHGs—carbon dioxide, nitrous 
oxide, and methane (see Figure 1)—occur both naturally and as 
by-products of human activities.25 The three more minor 
GHGs— HFCs, sulfur hexafluoride, and perfluorochemicals 
(PFCs)—all are synthetic chemicals manufactured and released 
only by humans.26 Methane is, by a large margin, the second 
most damaging GHG after carbon dioxide, as shown in Figure 1. 
Of key note, according to the conventional UNFCCC policy 
calculations, methane has twenty to thirty-six times more 
greenhouse warming capacity (the ability to trap infrared heat) 
per molecule than does carbon dioxide.27 
However, this is not correct science and does not create a 
platform from which to implement correct policy: qualitative and 
quantitative impacts are critical to perform the correct math. A 
gram of methane in the atmosphere absorbs seventy times more 
infrared radiation than a gram of carbon dioxide.28 Therefore, it 
is at least seventy times—and by some accounts 100 times—
more heat trapping than carbon dioxide. 29 Correspondingly, the 
UNFCCC has underestimated the role of methane by a factor of 
                                                        
 22. U. N. Framework Convention on Climate Change, Adoption of the Paris 
Agreement, ¶ 17, U.N. Doc. FCCC/CP/2015/L.9/Rev.1 (Dec. 12, 2015). 
 23. U. N. Framework Convention on Climate Change, Annex of the 
Adoption of the Paris Agreement, art. 2, U.N. Doc. FCCC/CP/2015/L.9/Rev.1 
(Dec. 12, 2015). 
 24. WILLIAMS ET AL., supra note 11. 
 25. STEVEN FERREY, ENVIRONMENTAL LAW: EXAMPLES & EXPLANATIONS 
249 (7th ed. 2016) [hereinafter FERREY, ENVIRONMENTAL LAW]. 
 26. Id. at 250. 
 27. STEPHEN H. SCHNEIDER, GLOBAL WARMING: ARE WE ENTERING THE 
GREENHOUSE CENTURY? 101 (1989). 
 28. HEM SHANKER RAY, ELEMENTS OF CREATIVE MANAGEMENT, 175 
(2006). 
 29. See Patti Nyman, Methane vs. Carbon Dioxide: A Greenhouse Gas 
Showdown, ONE GREEN PLANET (Sept. 30, 2014), 
http://www.onegreenplanet.org/animalsandnature/methane-vs-carbon-dioxide-
a-greenhouse-gas-showdown/. 
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approximately 300 percent. This is a major policy miscalculation 
of the basic math that could jeopardize the climate future of the 
planet. 
This legal policy miscalculation occurred because 
international regulatory institutions have not correctly factored 
in the constant of real time, which adds a key additional 
dimension. The United Nation’s UNFCCC calculation of 
chemical impact calculates all chemicals’ impacts over 100 years 
regardless of actual longevity or impact; this arbitrarily and 
inaccurately dilutes the actual impact in real time and results in 
assigning methane molecules a heating value of only 28 to 36 
times more heat-trapping than carbon dioxide, rather than a 
value three times greater.30 The scientific reality is that 
methane does all of its damage in a more concentrated period of 
slightly more than a decade, before chemically degrading to non-
methane molecules.31 It is much more intense than 
acknowledged in its real climate impact in time. 
The incorrect calculation ignores the real dimension of time 
and grossly underestimates the actual impact of methane in real 
time in the environment. Conventionally, using IPCC estimates 
for a 100-year time period, a molecule of methane is twenty-eight 
to thirty-five times more warming, nitrous oxide is 265–298 
times more warming, and various HFCs a thousand to tens of 
thousands of times more warming, than a molecule of carbon 
dioxide.32 The conventional extrapolation to a one-hundred-year 
normalization underestimates the real-time impact of methane 
on the climate. Over its real-time ten- to twenty-year actual life 
time, the impact of methane is at least three times greater than 
as conventionally recalculated and diluted over an incorrect 100-
year normalized period.33 Correctly adjusting for time, recent 
Harvard University research places the real climate damage of 
methane at between eighty-six and 105 times that of carbon 
dioxide.34 
There are cascading international effects. In addition to 
warming, methane in the atmosphere also contributes to 
tropospheric ozone formation—another GHG—and potentially 
                                                        
 30. McKibben, New Chemistry, supra note 7. 
 31. See THE WHITE HOUSE, supra note 15, at 89. 
 32. Id. 
 33. See Romm, supra note 5. 
 34. McKibben, New Chemistry, supra note 7. 
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stratospheric ozone depletion.35 Methane, when burned, 
produces only half as much carbon as burning an equivalent 
heating value of coal; although when it escapes unburned, 
methane traps heat in the atmosphere much more efficiently 
than carbon dioxide.36 These characteristics make methane an 
extremely potent GHG, giving it as much as 120 times more 
heat-trapping power than carbon dioxide.37 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        
 35. See INST. FOR GOVERNANCE & SUSTAINABLE DEV., PRIMER ON SHORT-
LIVED CLIMATE POLLUTANTS, 10–11 (Nov. 2012), 
http://www.igsd.org/documents/PrimeronShort-LivedClimatePollutants.pdf 
(noting that methane also contributes to global background levels of ozone in 
the lower atmosphere (troposphere)). 
 36. Bradford Plumer, Methane: The Good, The Bad, The Really Hideous, 
THE NEW REPUBLIC, July 20, 2009, 
https://newrepublic.com/article/51015/methane-the-good-the-bad-the-really-
hideous. On its own, methane is about 25 times more adept at trapping heat from 
the sun, making it a much more powerful GHG than carbon dioxide. Id. 
 37. U.S. ENVTL. PROT. AGENCY, OFFICE OF AIR AND RADIATION, 
EPA/400/9-90/007, METHANE EMISSIONS AND OPPORTUNITIES FOR CONTROL 21 
(1990) (publishing the findings of two international workshops sponsored by the 
International Panel on Climate Change which focused on current methane 
emissions and opportunities to control these emissions). 
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Figure 3. Total Annual Anthropogenic Greenhouse 
Gas Emissions by Groups of Gases (1970-2010)38 
Making a qualitative adjustment that accurately reflects 
the additional dimension of time, alone, will not rectify 
international legal policy. Contrast the quantification of 
methane comparing the traditional government data showing 
methane as only sixteen percent of total GHG impact on climate 
in Figure 3 and the more recent independent, larger calculation 
reflected conservatively in Figure 1, both of which still do not 
reflect the even larger methane impact adjusted for real time. 
Harvard University research data suggest that the natural-gas 
infrastructure has been bleeding raw, un-combusted methane 
into the atmosphere in record quantities.39 This Harvard work 
suggests that world carbon regulators have not correctly 
estimated success in addressing warming, because there are 
                                                        
 38. IPCC, supra note 10, at 5, Fig. SPM.2. 
 39. McKibben, New Chemistry, supra note 7. 
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actual increases in methane emissions where officials have 
publicly stated that they have been decreasing.40 
B. THE SOURCE, THE SOLUTION 
Bacteria that adapt to relatively oxygen-free environments 
produce methane, including in garbage landfills, bogs, marshes, 
rice paddies, arctic permafrost, and the intestinal tracts of 
animals.41 Methane remains a potent climate pollutant, up to 
approximately eighty six times more powerful than carbon 
dioxide over a twenty-year timeframe. It exerts an even higher 
impact on climate when normalized over a decade, and is thirty-
four times more powerful when officials normalize the data over 
100 years, as they conventionally have.42 
Data indicate that methane levels in the atmosphere have 
increased by almost 100 percent since 1800.43 Euan G. Nisbet 
notes that “[r]oughly one-fifth of the increase in radiative forcing 
by human-linked GHGs since 1750 is due to methane”;44 and 
additionally that “the past three decades have seen prolonged 
periods of increasing atmospheric methane.”45 Although the 
growth rate slowed in the 1990s and particularly from 1999 to 
2006, the methane burden on the atmosphere has increased 
since.46 
The 2013 international IPCC report noted that the radiative 
forcing of methane measured from 1750–2011 was 0.48 W/m2 
[±0.05], which was more than a quarter of carbon dioxide 
radiative forcing.47 But recent reports present new radiative 
forcing calculations, making the radiative forcing number 
twenty-five percent higher (increasing from .48 W/m2 to .61 
                                                        
 40. Id. 
 41. Schneider, supra note 27, at 100–101. 
 42. Jayni Hein, Curbing Fugitive Methane Costs Little, Buys Time on 
Climate Change, THE HILL (Dec. 29, 2014, 6:00 PM), 
http://thehill.com/blogs/pundits-blog/energy-environment/228153-curbing-
fugitive-methane-costs-little-buys-time-on. 
 43. See Schneider, supra note 27, at 101. 
 44. Euan G. Nisbet et al., Methane on the Rise–Again, 343 AAAS SCIENCE 
349, 493 (2014). 
 45. Id. 
 46. Id. at 494. 
 47. Intergovernmental Panel on Climate Change [IPCC], Climate Change 
2013: The Physical Science Basis, 676–77 (2013), 
https://www.ipcc.ch/report/ar5/wg1/. 
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W/m2).48 In addition, the global methane emissions rate of 
increase continues to grow at a rapid rate. From 2014 to 2015, 
global methane increased substantially faster (11.5 ppb/yr) than 
it had from 2007 to 2013 (5.7 ± 1.2 ppb-1).49 The Institute for 
Governance and Sustainable Development (IGSD) report 
forecasts that methane emissions are expected to grow twenty-
five percent over 2005 levels by 2030, which is due to increased 
production from coal mining, growth in agricultural, municipal 
waste emissions, and oil and gas production, which could have a 
large impact on emissions estimates.50 The US Energy 
Information Administration (EIA) projects consumption of 
natural gas (methane) worldwide to increase from 120 trillion 
cubic feet (Tcf) in 2012, to 203 Tcf in 2040; a roughly sixty-nine 
percent increase.51 
In terms of policy concern, this is a larger increase of 
methane concentrations in the atmosphere than occurred for 
carbon dioxide, on which chemical international climate policy 
has been focused. This increase in methane accumulation in the 
environment is mainly attributed to population growth and 
human-related activities, accounting for about two thirds of total 
methane emissions.52 The primary sources of anthropogenic 
methane emissions are oil and gas systems, rice cultivation, 
landfills, wastewater treatment, emissions from coal mines, and 
agriculture, including enteric fermentation, and manure 
management.53 
International law and policy can and should exert greater 
leverage to recapture more of this damaging release of GHG 
chemicals. Although methane presents numerous problems 
when released directly into the Earth’s atmosphere, it offers 
                                                        
 48. See M. Etminan et al., Radiative Forcing of Carbon Dioxide, Methane, 
and Nitrous Oxide: A Significant Revision of the Methane Radiative Forcing, 43 
GEOPHYSICAL RES. LETTERS 24, 12,614 (2016). 
 49. Nat’l Oceanic and Atmospheric Admin., The NOAA Annual Greenhouse 
Gas Index, EARTH SYSTEMS RES. LABORATORY, 
https://www.esrl.noaa.gov/gmd/aggi/aggi.html (last updated spring 2018). 
 50. See INST. FOR GOVERNANCE & SUSTAINABLE DEV., supra note 35, at 11. 
 51. See INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 37. 
 52. Nisbet, supra note 44, at 493. 
 53. L. Hoglund-Isaksson, Global Anthropogenic Methane Emissions 2005–
2030: Technical Mitigation Potentials and Costs, 12 ATMOSPHERIC CHEMISTRY 
AND PHYSICS 9079 (Oct. 4 2012), https://www.atmos-chem-
phys.net/12/9079/2012/acp-12-9079-2012.pdf; accord INST. FOR GOVERNANCE & 
SUSTAINABLE DEV., supra note 35, at 10. 
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significant benefits when captured and utilized as an energy 
source, with methane being a constituent of natural gas.54 When 
compared with other fossil fuels, natural gas combustion emits 
significantly lower emissions of carbon dioxide, sulfur dioxide 
(SO2), oxides of nitrogen (NOx), and particulates.55 When directly 
substituted for electricity generated by other fossil fuels, 
significant reductions of carbon dioxide are achieved in the 
burning of natural gas.56 
Existing technologies and strategies globally could reduce 
short-lived climate chemical pollutants emissions and reduce the 
expected rate of global warming by half.57 The California 
Environmental Protection Agency has said that “[u]sing cost-
effective and available technologies and strategies, worldwide 
anthropogenic sources of [short-lived climate chemical 
pollutant] emissions could be significantly controlled by 2030,” 
resulting in global benefits.58 Doing so requires a multi-media 
international strategy successfully implemented to recycle and 
utilize organic waste for: 
• Soil amendments/compost, 
• Electrical generation and grid interconnection, 
• Transportation fuel, and 
• Pipeline-injected renewable natural gas.59 
 
 
 
                                                        
 54. U.S. Steel Corp. v. Hoge, 468 A.2d 1380, 1386 (1983) (Flaherty, J., 
dissenting) (noting that natural gas shares many characteristics with coal-bed 
gas, often called methane, but it is generally found in strata deeper than coal 
veins). 
 55. Environmental Impacts of Natural Gas, UNION OF CONCERNED 
SCIENTISTS, https://www.ucsusa.org/clean-energy/coal-and-other-fossil-
fuels/environmental-impacts-of-natural-gas#.WkZSFlQ-eLI (noting that global 
warming emissions from natural gas are much lower than those of oil and coal: 
“[c]leaner burning than other fossil fuels, the combustion of natural gas 
produces negligible amounts of sulfur, mercury, and particulates. Burning 
natural gas does produce nitrogen oxides (NOx), which are precursors to smog, 
but at lower levels than gasoline and diesel used for motor vehicles.”). 
 56. U.S. ENVTL. PROT. AGENCY, supra note 37, at 37. 
 57. PROPOSED SHORT-LIVED CLIMATE POLLUTANT REDUCTION STRATEGY, 
supra note 8, at 1 (“[This would] keep average warming below the dangerous 2° 
C . . . threshold at least through 2050. . . [c]utting global SLCP emissions 
immediately will slow climate feedback mechanisms in the Arctic.”). 
 58. Id. at 2. 
 59. Id. at 2–3. 
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Doing so would also: 
• Cut methane emissions from dairy operations by more 
than forty percent,60 
• Eliminate disposal of organic materials in landfills,61 and 
• Significantly reduce fugitive methane emissions from oil 
and gas systems.62 
Opportunities for controlling anthropogenic methane 
emissions include the installation of methane recovery systems 
at landfills, improvements in leak detection and containment at 
natural gas transportation systems, fire management programs 
for biomass burning, and recovery of coal-bed methane from coal 
mining operations. It is estimated that if one-third of the 
technically feasible fugitive methane release reductions could be 
achieved within the next ten years, then atmospheric methane 
concentrations could be stabilized.63 Therefore, if laws and 
regulations are correctly implemented internationally to reflect 
the correct role of methane emissions, a global remedy would be 
possible. However, coal production worldwide is expected to 
increase significantly over the next few decades, with a resulting 
increase (rather than decrease) of methane emissions in some 
countries estimated to be twenty-five percent.64 
Next, we assess the role of fossil fuel and methane risk to 
the climate. 
III.  FOSSIL FUEL SUPPLY, USE, AND METHANE 
In 2012, eighty-seven percent of primary energy use in the 
world is from fossil fuels.65 The release of methane is associated 
with extraction, transportation, and use of these fossil fuels, 
which collectively warms the atmosphere at key stages of the 
process of extracting and utilizing fossil fuels. Among the fossil 
                                                        
 60. Id. at 66. 
 61. Id. at 71–72. 
 62. Id. at 76–80. 
 63. See U.S. ENVTL. PROT. AGENCY, supra note 37, at 28. 
 64. Id. at 38. 
 65. Milena Gonzalez & Matt Lucky, Fossil Fuels Dominate Primary Energy 
Consumption, WORLDWATCH INST. (Oct. 24, 2013), 
http://www.worldwatch.org/fossil-fuels-dominate-primary-energy-
consumption-1. 
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fuels, the coal-mining sector accounts for approximately ten 
percent of methane emissions.66 
A. ELECTRIC POWER CONFRONTS METHANE 
The electric power sector internationally is a critical energy 
sector in every country, both in terms of function and its GHG 
emissions to the atmosphere.67 Electricity was recently 
designated as the second-most important invention since the 
wheel.68 Nothing is more indispensable than electricity in the 
modern economy.69 The Congressional Research Service 
concluded that “in 2010, fossil fuels accounted for seventy eight 
percent of U.S. primary energy production,”70 which is a 
smaller share than it comprises among total world economics.71 
The oil-and-gas industry is the largest emitter of methane, and 
is responsible for twenty-nine percent of the U.S.’s overall 
methane emissions.72 
Hydropower is a major source of power in many developing 
countries; even dams produce methane.73 From two-thirds to 
                                                        
 66. WHITE HOUSE, CLIMATE ACTION PLAN: STRATEGY TO REDUCE 
EMISSIONS, at 5 (2014). 
 67. See generally INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, 
at 9 (citing statistics of current, past and future predictions of fossil 
consumption by region and worldwide). 
 68. James Fallows, The 50 Greatest Breakthroughs Since the Wheel, THE 
ATLANTIC (Nov. 2013), 
https://www.theatlantic.com/magazine/archive/2013/11/innovations-
list/309536/ (Electricity finished behind only the movable type printing press; 
electricity is essential to operate seven other ‘top 50’ inventions of all time: The 
Internet, computers, air-conditioning, radio, television, the telephone, and 
semiconductors). 
 69. See generally FERREY, ENVIRONMENTAL LAW, supra note 25, at 580–82. 
 70. MOLLY F. SHERLOCK, CONG. RESEARCH SERV., R41953, ENERGY TAX 
INCENTIVES: MEASURING VALUE ACROSS DIFFERENT TYPES OF ENERGY 
RESOURCES (2012), www.hsdl.org/?view&did=722543 (citing the summary). 
MOLLY F. SHERLOCK, CONG. RESEARCH SERV., R41953, ENERGY TAX 
INCENTIVES: MEASURING VALUE ACROSS DIFFERENT TYPES OF ENERGY 
RESOURCES, at 3 (2012), https://www.hsdl.org/?view&did=722543. 
 71. Gonzalez & Lucky, supra note 65 (noting eighty seven percent of 
worldwide primary energy consumption is from coal, natural gas and oil). 
 72. Gayathri Vaidyanathan, Methane Leaks from Oil and Gas Wells Now 
Top Polluters, SCIENTIFIC AMERICAN (Apr. 16, 2015), 
https://www.scientificamerican.com/article/methane-leaks-from-oil-and-gas-
wells-now-top-polluters/. 
 73. Hydroelectric Dams Emit a Billion Tonnes of Greenhouse Gases a Year, 
Study Finds, GUARDIAN (Nov. 14, 2016), https://www.theguardian.com/global-
development/2016/nov/14/hydroelectric-dams-emit-billion-tonnes-greenhouse-
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three-quarters of a dam’s total GHG emissions are in the form of 
methane — organic matter behind a dam decays and releases 
GHGs — with the remainder of dam-related emissions being 
carbon dioxide.74 Because methane is a relatively potent GHG, 
one Brazilian hydroelectric project created GHG emissions equal 
to those otherwise emitted from the city of Sao Paulo, Brazil.75 
Natural gas combustion produces carbon dioxide emissions 
at about a twenty five percent lower amount per equivalent 
unit of energy produced than oil, and only approximately half 
as much as coal combustion; and gas produces less than four of 
the six criteria air pollutants regulated by many countries’ 
laws.76 More gas available at lower prices today and going 
forward will mean a rise of fifty percent in global demand for 
natural gas as an energy source between 2010 and 2035, 
according to the International Energy Agency (“IEA”).77 This 
could raise atmospheric concentrations of carbon dioxide to 
650 parts per million, causing world temperature to rise 
dramatically, which would undercut climate change work being 
implemented across the globe.78 
Since the first use of electricity in the 1870s, coal has been 
used as the primary fuel for electricity production in the world 
and in the U.S.79 There has been a recent change where coal use 
has decreased dramatically in the last five years in the U.S. and 
also in China.80 The decreasing share of coal-fired power 
                                                        
gas-methane-study-climate-change (“We estimate that dams emit around 25% 
more methane by unit of surface than previously estimated.”). 
 74. Dams Attacked as Greenhouse Source, ELEC. DAILY, June 17, 2002, at 
1. 
 75. Id. 
 76. See generally FERREY, ENVIRONMENTAL LAW, supra note 25, at 594–96 
(discussing the advantages of natural gas emissions versus coal emissions). 
 77. Simon Wright, An Unconventional Bonanza, THE ECONOMIST (July 14, 
2012), https://www.economist.com/special-report/2012/07/14/an-
unconventional-bonanza. 
 78. See New Chemistry, supra note 7 (describing how methane releases 
from natural gas resource development will substantially contribute to climate 
change even though natural gas burns cleaner than coal or oil). 
 79. See STEVEN FERREY, THE NEW RULES: A GUIDE TO ELECTRIC MARKET 
REGULATION 260 (1st ed. 2000). 
 80. See Rakteem Katakey, World Coal Production Had Its Biggest Drop on 
Record, BLOOMBERG MARKETS (June 13, 2017), 
https://www.bloomberg.com/news/articles/2017-06-13/coal-s-era-starts-to-
wane-as-world-shifts-to-cleaner-energy (“[In 2016], China, the world’s biggest 
energy consumer, burned the least coal in six years and use dropped in the U.S. 
to a level last seen in the 1970s.”). 
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generation in the U.S. from almost sixty percent in the mid-
1980s, to 27.4 percent in 2018, counterbalanced by an increasing 
share of power generation from natural gas to 35.1 percent in 
2018,81 is shown through 2016 in Figure 4. 
Coal use worldwide is expected to increase significantly, at 
a rate of 0.6 percent per year from 2012 to 2040.82 With hydro-
fracking, the U.S. now suddenly has liberated the largest 
recoverable reserves of oil and gas resources.83 Energy markets 
are now international. As long as developing countries continue 
to increase coal use,84 the U.S. could be the supplier of increasing 
world coal markets even if U.S. coal use continues its fast-
declining path, as U.S. proven coal reserves are the largest in 
the world.85 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        
 81. U.S. Department of Energy (DOE), Energy Information Adm., 2018 
electricity use Feb. 2019). 
 82. INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 3.20. 
 83. Jake Green, U.S. Now has Largest Oil Reserves in the World, Thanks to 
Fracking, ENERGY IN DEPTH (July 7, 2016), 
https://energyindepth.org/national/u-s-now-has-largest-oil-reserves-in-the-
world-thanks-to-fracking/; Jude Clemente, The Amazing Rise in U.S. Proven 
Natural Gas Reserves and Use, FORBES (June 2, 2015), 
https://www.forbes.com/sites/judeclemente/2015/06/02/the-amazing-rise-in-u-s-
proven-natural-gas-reserves-and-use/#5704afc62e16. 
 84. INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 64. 
 85. Mikael Höök & Kjell Aleklett, Trends in U.S. Recoverable Coal Supply, 
Estimates and Future Production Outlooks, NAT. RESOURCES RES. (Sept. 2010), 
https://www.researchgate.net/publication/226285370. 
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Figure 4. Annual Share of Total U.S. Electricity 
Generation by Source (1950-2016)86 
 
1. Effect of Renewable Power Deployment on Warming in the 
21st Century 
U.S. coal demand will fall to a thirty-year low, caused 
by relatively weak economic growth, a shift to renewable 
energies, and improved energy efficiency, which also will trim 
European demand for coal.87 With natural gas prices decreasing 
in the last decade, unrelated to this, the cost of key renewable 
power generation technologies has decreased even more 
rapidly.88 A big change is ushered in through the technological 
and cost declines of wind and solar photovoltaic (“PV”) 
                                                        
 86. Tyler Hodge, Natural Gas Expected to Surpass Coal in Mix of Fuel Used 
for U.S. Power Generation in 2016, U.S. ENERGY INFO. ADMIN., 
https://www.eia.gov/todayinenergy/detail.php?id=25392. 
 87. See Rick Mitchell, IEA Says Climate Pledges Won’t Halt Global Growth 
in Coal Demand to 2019, 45 ENV’T REP. (BNA) 3640, 3640–41 (Dec. 19, 2014). 
 88. See Katie Fehrenbacher, Solar is Going to Get Ridiculously Cheap, 
FORTUNE (citing a report from Bloomberg New Energy Finance) (June 13, 
2016), http://fortune.com/2016/06/13/solar-to-get-crazy-cheap/. 
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distributed generation.89 Photovoltaic solar panels have plunged 
dramatically by approximately sixty percent.90 Prices for PV 
panels have declined from ~$1.90/watt in 2009 to between $0.35-
0.70/watt around the world.91 To convert photovoltaic direct 
current to alternating current distributed by the grid, inverter 
prices declined by more than sixty percent from 2005 to 2013.92 
Consequently, the solar photovoltaic market increased at 
more than forty percent average each year, estimated almost 
triple PV capacity over the next five years.93 Internationally, 
solar photovoltaic modules have decreased in cost by eighty 
percent since 2009, and continue to decline.94 Internationally, 
wind turbine prices have decreased by approximately half over 
the same most recent eight years, yielding to wholesale electric 
power from onshore wind projects at an international price 
equivalent to $0.06/kWh in 2017.95 Figure 5 illustrates the 
approximately one-third decrease in solar energy costs in the 
U.S. over the most recent decade, and the related increase in 
solar generation capacity.96 
 
                                                        
 89. See generally Energy Dept. Reports: U.S. Wind Energy Production and 
Manufacturing Reaches Record Highs, ENERGY.GOV (Aug. 6, 2013, 8:00 AM), 
http://energy.gov/articles/energy-dept-reports-us-wind-energy-production-and-
manufacturing-reaches-record-highs (discussing the record growth of the 
renewable energy market, including wind and solar, in the United States). 
 90. Shaina Mishkin, Are Home Solar Panels Worth the Cost? Here’s When 
They Make Sense – And When They Don’t, TIME (Apr. 10, 2018), 
http://time.com/money/5229935/when-to-install-home-solar-panels/. 
 91. WILSON RICKERSON ET AL., RESIDENTIAL PROSUMERS - DRIVERS AND 
POLICY OPTIONS (RE-PROSUMERS) 9, 70 (2014). 
 92. RICKERSON ET AL., supra note 91, at 9 (changing from $0.60-
$1.00+/watt in 2005 to less than $0.20/watt in 2013); see NAVIGANT 
CONSULTING INC., A REVIEW OF PV INVERTER TECHNOLOGY COST AND 
PERFORMANCE PROJECTIONS (2006). 
 93. Solar Market in Insight Report 2016 Year in Review, SOLAR ENERGY 
INDUSTRIES ASSOCIATION, https://www.seia.org/research-resources/solar-
market-insight-report-2016-year-review (last visited Nov. 3, 2018); see Solar 
energy leads the charge in another record year for renewables, REVE (Oct. 5, 
2017), https://www.evwind.es/2017/10/05/solar-energy-leads-the-charge-in-
another-record-year-for-renewables/61290. 
 94. INT’L RENEWABLE ENERGY AGENCY, RENEWABLE POWER GENERATION 
COSTS IN 2017, at 4 (2018), https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_
2018.pdf. 
 95. Id. 
 96. UNITED STATES MID-CENTURY STRATEGY FOR DEEP 
DECARBONIZATION, supra note 15, at 17 Figure E9. 
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Figure 5. Solar Energy Costs and Deployment in the 
United States97 
 
Wind power is now the cheapest electricity source in 
Germany and the U.K., even without government subsidies, and 
is expected to be cheaper than coal and gas before 2025.98 Clean 
energy investment was $329 billion in 2015, with an estimate 
that investment in wind, solar and other clean technologies is 
projected to reach about $7 trillion by 2040.99 New solar capacity 
in developing nations surged fifty-five percent to 34 GW in 
2017.100 China accounted for twenty-seven GW, almost eighty 
percent of the total, followed by India with 4.2 GW, with 
installed capacity at least doubled in some countries including 
Brazil, Chile, Mexico, and Pakistan.101 
                                                        
 97. Id. 
 98. Tom Randall, Solar, Wind Pass Big Turning Point in U.S., 46 
BLOOMBERG BNA ENV’T REPORTER 3016, 3016–17 (2015). 
 99. Andrea Vittorio, Climate Deal Requires Trillions More in Investment, 
47 BLOOMBERG BNA ENV’T REPORTER 308, 308 (2016). 
 100. Chisaki Watanabe, Solar Jumps in Developing Nations with Cheap 
Panels, Innovation, BLOOMBERG BNA DAILY ENV’T REPORT, at 19 (Nov. 28, 
2017). 
 101. Id. 
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Figure 6. Energy Consumption in the United States 
(1776-2040)102 
 
The projection of the DOE, going forward, is that there will 
be a significant increase in natural gas usage and various non-
hydro renewable power resources, with a corresponding 
significant decrease in coal use, in the next twenty-five years, as 
shown in Figure 6.103 Substitution of renewable wind and solar 
power, both intermittent and relatively unpredictable sources 
of power, in place of conventional fossil-fired generation, has 
implications both for electric power grid reliability and for an 
increase of emissions from ramping back-up power supply. New, 
intermittent wind and solar renewable resources deployed 
internationally cannot supply reliable around-the-clock base-
load power.104 
                                                        
 102. See UNITED STATES MID-CENTURY STRATEGY FOR DEEP 
DECARBONIZATION, supra note 96. 
 103. Fossil Fuels Still Dominate U.S. Energy Consumption Despite Recent 
Market Share Decline, ENERGY INFO. ADMIN. (July 1, 2016), 
https://www.eia.gov/todayinenergy/detail.cfm?id=26912. 
 104. See STEVEN FERREY, LAW OF INDEPENDENT POWER § 2:11 (45th ed. 
2018) (noting inability of intermittent sources to serve as base-load resource). 
Wind and solar are not reliable as peak power, because they are not reliably 
available on call. 
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Without cost-effective power storage, which does not 
currently exist at a reasonable cost, “spinning” non-quick-start 
reserve fossil-fuel-fired units will need to be maintained at 
partial-power output to be ready to operate on immediate notice 
when wind power dies or clouds pass between the sun and solar 
collectors.105 Evidence from the most advanced state subsidizing 
the storage of electric power, California, with its Self-Generation 
Incentive Program has demonstrated that energy storage 
increased statewide GHG emissions in 2016 and 2017. This 
occurs when consumers charge storage when fossil-fuel-fired 
projects are at the margin of the wholesale power queue as the 
next to be will be used at the margin for additional consumption 
to charge storage batteries.106 
Excessive generation by intermittent renewable energy has 
already become an issue in several countries at the forefront of 
the adoption of renewable energy: “Germany rapidly built up 
wind and solar resources but did not adequately plan for the 
problems posed by their intermittency.”107 As a result, to ensure 
its grid stability, Germany was forced to construct additional 
coal-fired base-load generation after its commitment to retire its 
nuclear facilities following the Fukushima disaster in Japan, 
between 2011 and 2015 opening 10.7 GW of new coal-fired power 
stations.108 Half of Tamil Nadu’s large amount of 8,000 MW of 
installed wind capacity is curtailed and nonoperational, in part, 
because distributors can’t afford to transmit the wind power 
given existing transmission tariffs and artificially low power 
pricing.109 During February to April 2014, the California 
                                                        
 105. See RANDY T. SIMMONS ET AL., THE TRUE COST OF ENERGY: WIND 
POWER 32 (2015); see infra Figure 8; see also J. Nicolas Puga, The Importance 
of Combined Cycle Generating Plants in Integrating Large Levels of Wind Power 
Generation, ELECTRICITY J., Aug.–Sept. 2010, at 33 (“[T]o facilitate the 
integration of large penetration of wind, SPP will have to make sure that 
generation sources connected to its system are flexible enough to accommodate 
the intermittent nature of wind generation”). 
 106. Richard L. Revesz and Burcin Unel, Achieving Climate Goals Will 
Require Sound Energy Storage Policies, Feb 18, 2019, available at 
https://www.theregreview.org/2019/02/18/revesz-unel-climate-energy-storage-
policies/. 
 107. Benjamin Matek & Karl Gawell, The Benefits of Baseload Renewables: 
A Misunderstood Energy Technology, 28 ELECTRICITY J., Mar. 2015, at 101. 
 108. Id. (“[B]etween 2011 and 2015 Germany will open 10.7 GW of new coal-
fired power stations.”). 
 109. Rajesh Kumar Singh & Anindya Upadhyay, India’s Dilemma: Cheap 
Power or Energy?, ENERGY & CLIMATE REP. (BNA), July 2015, at 15–1. 
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Integrated System Operator was forced to curtail wind and solar 
generation four times for a total of six hours to balance supply 
and demand on the system, which curtailments raised power 
system costs.110 A significant number of wind turbines in China, 
comprising more than fifteen percent of the country’s wind 
capacity, were not able to operate because of the grid’s inability 
to absorb and transmit the power, even as China adds more wind 
turbines.111 
As one redeploys existing fossil-fuel facilities to fill growing 
gaps created by intermittent power, there is an efficiency and 
environmental price which few studies have recognized or 
factored in.112 Natural gas combined cycle turbine facilities, 
which can be modified to increase their start-up times by up to 
fifty percent to accommodate pressure and temperature 
transients of their steam turbines and readiness of their heat 
recovery steam generators, still may not be flexible enough to be 
able to follow and instantaneously respond to the ongoing 
intermittency caused by use of greater renewable power in the 
grid.113 Other power generation technologies must cycle up and 
down to fill the gap created by intermittent renewable energy 
technologies when the evening starts and electric demands 
peak.114 
Natural gas-fired combined cycle power generation units 
will experience higher heat rates, less efficient operation, 
                                                        
 110. See David Howarth & Bill Monsen, Renewables Face Daytime 
Curtailments in California, NORTON ROSE FULBRIGHT (Nov. 20, 2014), 
http://www.nortonrosefulbright.com/knowledge/publications/150410/renewable
s-face-daytime-curtailments-in-california (“The impact on individual 
generators depends on the terms of their power purchase agreements, but 
typically there is no compensation for curtailment that is ordered by the grid 
operator.”); “On one occasion, the maximum curtailment reached 
485 megawatts of wind and 657 megawatts of solar.” Id. 
 111. More Idled Wind Turbines in China as Capacity Grows, ENERGY & 
CLIMATE REP. (BNA), July 29, 2015, at 30–31(“The rate of idled turbines was, 
on average, 15.2 percent . . . according to data from the National Energy 
Administration. That is almost 7 percentage points higher than the same period 
[in 2014].”). 
 112. SIMMONS ET AL., supra note 105, at 32. 
 113. See Puga, supra note 105, at 38 (explaining the types of limitations of 
natural gas combined cycle turbine facilities that “limit the fast startup and 
rampup capabilities of the gas turbine.”). 
 114. Cf. UNITED STATES MID-CENTURY STRATEGY FOR DEEP 
DECARBONIZATION, supra note 15, at 51 fig. 4.8 (illustrating how a variety of 
energy sources can be employed to promote grid flexibility to fill gaps created 
by intermittent energy sources such as wind and solar energy). 
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greater maintenance expenses, and consequently, greater 
unavailability when operated in a mode to try to backstop the 
intermittency of other intermittent power generation 
resources.115 This so-called “ramping” up and down of fossil fuel 
power generation units can increase maintenance costs 
requiring earlier replacements of certain generation facility 
components.116 European data illustrate that their shift from 
traditional coal unit operation to more operation of natural gas-
fired combined cycle power generation units, resulted in an 
increase in these units’ operation and maintenance costs, 
outages, and less availability to supply power to the grid.117 
Such “spinning” of fossil fuel units operating in a load-
following backstop mode expel a more profligate profile of 
environmental emissions when operating in the “ready” 
mode at partial capacity.118 One analysis of coal-plant cycling 
against intermittent renewable power generation’s hourly 
variations found that emissions during such cycling were eight 
percent higher per unit of electricity produced for the regulated 
criteria pollutants of sulfur dioxide and ten percent higher for 
nitrogen oxides than emissions of the same compounds during 
constant operation of the equipment.119 Nitrogen oxides 
contribute to global warming.120 This will add to nitrogen oxides 
and carbon dioxide emissions to the atmosphere to alter the 
emission profile of existing resources from normal to “standby” 
modes.121 Transitioning from fossil fuels to low-carbon energy 
not only diminishes the amount of carbon dioxide emitted during 
combustion, but also reduces methane emissions associated with 
fossil fuel extraction.122 
                                                        
 115. Id. 
 116.  RICKERSON ET AL., supra note 92, at 53. 
 117. W. Edward Platt & Richard B. Jones, The Impact of Carbon Trading on 
Performance: What Europe’s Experience Can Teach North American Generators, 
POWER MAG. (Jan. 1, 2010), http://www.powermag.com/the-impact-of-carbon-
trading-on-performance-what-europes-experience-can-teach-north-american-
generators. 
 118. See Puga, supra note 105, 37–38. 
 119. Id. at 38. 
 120. Overview of Greenhouse Gases, U.S. ENVTL. PROTECTION AGENCY, 
https://www.epa.gov/ghgemissions/overview-greenhouse-gases (last updated 
AprOct. 3114, 20187). 
 121. See Puga, supra note 105, at 38. 
 122. UNITED STATES MID-CENTURY STRATEGY FOR DEEP DECARBONIZATION, 
supra note 15, at 89. 
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2. Comparing Developing Country Trends 
More than eighty percent of future energy consumption 
increase will come in and from developing countries.123 By 2040, 
energy use in developing countries is projected to be more than 
twice as much as that in developed countries.124 For comparison, 
coal is in rapidly declining use in the U.S. where coal-fired 
power generation has been steadily decreasing since its peak a 
decade ago, recently constituting approximately 29.9 percent of 
U.S. energy sources,125 even though Americans consumed more 
energy overall.126 In the next five years, under increasing 
competition from shale gas and the Environmental Protection 
Agency’s regulations affecting power plant emissions,127 U.S. 
coal demand will fall to a thirty-year low. In Europe, weak 
economic growth, a shift to renewable energy, and improved 
energy efficiency will trim European demand for coal.128 
In many developing countries, there is a contrary scenario: 
many large developing countries are building additional coal 
plants as fast as possible, rather than primarily developing 
renewable power as an alternative.129 The international coal 
industry asked the United Nations to establish a part of the new 
U.N. Green Climate Fund to underwrite the more than 2,000 
new coal-fired power plants planned or being built in Asia and 
Africa, which would deploy new technology to cut carbon 
                                                        
 123. See INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 9. 
 124. See id. 
 125. See Frequently Asked Questions: What Is U.S. Electricity Generation By 
Energy Source?, U.S. ENERGY INFO. ADMIN., 
https://www.eia.gov/tools/faqs/faq.php?id=427&t=3 (last updated Oct. 29, 
2018). 
 126. See Bobby MaGill, Americans Used a Lot Less Coal in 2016, SCI. AM., 
(Apr. 8, 2017), https://www.scientificamerican.com/article/americans-used-a-
lot-less-coal-in-2016/; see also Stephen Lacey, U.S. Coal Generation Drops 19 
Percent In One Year, Leaving Coal with 36 Percent Share of Electricity, 
THINKPROGRESS (May 14, 2012), https://thinkprogress.org/u-s-coal-generation-
drops-19-percent-in-one-year-leaving-coal-with-36-percent-share-of-electricity-
4b06091d4cde/. 
 127. See generally Steven Ferrey, Presidential Executive Action: Unilaterally 
Changing the World’s Critical Technology and Infrastructure, 64 DRAKE L. REV. 
43 (2016). 
 128. Mitchell, supra note 87. 
 129. See INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 70–73. 
142 MINN. J.L. SCI. & TECH. [Vol. 20 
 
emissions by one-third compared to vintage coal plants, while 
adding fifty percent to the cost of the plants.130 
Focusing on the largest GHG-emitting countries, China, 
India, and other developing countries are underwriting the 
largest push into more high-carbon coal-fired power production 
in world history. While less GHG-emitting natural gas use is 
increasing in the U.S. power sector as documented above, coal 
use dramatically is increasing internationally, as shown in 
Figure 7.131 In many developing non-Organisation for Economic 
Co-operation and Development (OECD) countries, which include 
more than eighty percent of all world nations, coal use for 
generation is still the current choice for electric power 
expansion.132 According to the International Energy Agency, 
global demand for coal has made it the fastest-growing fossil fuel 
internationally and its use will rise 2.1 percent annually, driven 
mainly by China, India, and other expanding Asian 
economies.133 
 
 
 
 
 
 
 
 
 
 
                                                        
 130. Mathew Carr, Coal Industry Looks to UN Green Climate Fund for Aid, 
ENERGY & CLIMATE REP. (BNA) (Oct. 8, 2015). 
 131. INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 70 
(providing charts detailing past and projected coal consumption). 
 132. See INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 64–68 
(describing the coal consumption of non-OECD countries). 
 133. Mitchell, supra note 87. India, averaging 5 percent annual coal demand 
growth, should pass the United States as the world’s second-biggest coal 
consumer by 2019. Id. China, the world’s biggest producer and importer of coal, 
should see coal demand grow 2.6 percent, or 100 million tons, per year to 2019, 
assuming it maintains an annual gross domestic product growth rate of about 
7 percent. Id. 
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Figure 7. Countries Using More Coal 134 
 
Among world nations, China dominates coal production and 
use today.135 Almost half of annual global extraction of coal 
occurs in China, where “since 2000, coal production by China has 
increased by 139%,” with India in second position.136 In 2007, 
China built more new coal-fired power plants than Britain—the 
seat of the coal-fired industrial revolution—built in its entire 
history of its industrial revolution.137 Recent trends are not 
encouraging: after dipping slightly in 2016, increased coal use 
rebounded in China and India in 2017.138 
                                                        
 134. INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 68, 70 
(providing the past and projected data used to create this chart). 
 135. See Coal Mining, WORLD COAL ASSOCIATION, 
https://www.worldcoal.org/coal/coal-mining (last visited Nov. 2, 2018) (finding 
China produced 450% more coal in 2016 than second place India). 
 136. See id. 
 137. See Roger Harrabin, China Building More Power Plants, BBC NEWS 
(June 19, 2007), http://news.bbc.co.uk/go/pr/fr/-/2/hi/asia-pacific/6769743.stm 
(explaining that China was averaging two new power stations built every week); 
Mark Clayton, Global Boom in Coal Power - and Emissions, CHRISTIAN SCI. 
MONITOR (Mar. 22, 2007), http://www.csmonitor.com/2007/0322/p01s04-
wogi.htm (examining the global growth in coal-fired power); Adam Vaughan, 
The Coal Truth: How a Major Energy Source Lost Its Power in Britain, 
GUARDIAN (July 19, 2017), 
https://www.theguardian.com/business/2017/jul/19/how-coal-lost-power-britain 
(exploring the history of coal in Britain in light of recent coal plant closures). 
 138. See Mathew Brown & Katy Daigle, Coal on the Rise in China, U.S., 
India After Major 2016 Drop, CHI. TRIB. (June 26, 2016), 
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China, being the world’s largest coal producer and user, 
built one large coal plant per week in 2013.139 China replaced the 
United States as the world’s largest emitter of carbon dioxide in 
2006.140 By 2010, China had the highest emissions in the world 
per unit of gross domestic product (GDP) by a factor more than 
double that of any other nation.141 In 2005, China’s energy 
consumption per unit of GDP was more than three times the 
level of the United States, more than five times that of Germany, 
and eight times that of Japan.142 This inefficient use of fossil fuel 
warms the planet. 
China and India harbor around one-quarter of the world’s 
coal reserves and are deploying them rapidly to fire both existing 
and planned additional electric power plants.143 Coal is 
approximately forty-four percent of India’s energy source,144 and 
the power sector is one of the largest fast growing areas.145 By 
the year 2030, “coal-fired power in India and China will add 3000 
million extra tons of carbon dioxide to the atmosphere every 
                                                        
http://www.chicagotribune.com/news/nationworld/ct-coal-china-india-us-
20170626-story.html (examining the sharp increase in coal usage among the 
world’s biggest coal users in 2017). 
 139. Interview by Jacqueline Koch with Armond Cohen, Co-Founder and 
Exec. Dir., Clean Air Task Force 2 (Apr. 21, 2014), 
http://www.nbr.org/research/activity.aspx?id=418. 
 140. See JOS G.J. OLIVIER ET AL., PBL NETH. ENVTL. ASSESSMENT AGENCY, 
TRENDS IN GLOBAL CO2 EMISSION: 2012 REPORT 11 (2012); see also China 
Overtakes U.S. in Greenhouse Gas Emissions, N.Y. TIMES (June 20, 2007), 
https://www.nytimes.com/2007/06/20/business/worldbusiness/20iht-
emit.1.6227564.html. 
 141. YALE CENTER FOR ENVT’L LAW AND POLICY & CENTER FOR INT’L EARTH 
SCI. INFO. NETWORK, Climate and Energy, ENVIRONMENTAL PERFORMANCE 
INDEX (Jan. 25, 2014), http://archive.epi.yale.edu/our-methods/climate-and-
energy. 
 142. Energy Consumption per Unit of GDP Continues to Fall, XINHUA NEWS 
AGENCY (July 15, 2008), www.china.org.cn/environment/news/2008-
07/15/content_16011950.htm. 
 143. See Lord Ronald Oxburgh, Capturing the Moment, PARLIAMENTARY 
MONITOR, July 21, 2006, at 42 (“Together [India and China] have around a 
quarter of the world’s coal reserves, and coal-fired power stations will 
undoubtedly play a central role in their rapid economic development.”). 
 144. U.S. ENERGY INFO. ADMIN., COUNTRY ANALYSIS BRIEF: INDIA 2, 
https://www.eia.gov/beta/international/analysis_includes/countries_long/India/
india.pdf (last updated June 14, 2016). 
 145. Id. (“India’s power sector is one of the largest and fastest-growing areas 
of energy demand, rising from 11% to 15% of total energy consumption between 
2000 and 2013.”). 
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year.”146 Therefore, just the additional carbon dioxide emissions 
from the China and India electric power sectors, alone, will 
constitute approximately ten percent of all world carbon dioxide 
emissions from all sources.147 China and India are projected to 
account for 3000 million extra tons of annual carbon dioxide 
emissions to the atmosphere by 2030.148 
B. FOSSIL FUEL ALTERNATIVES IN INTERNATIONAL POWER 
SECTORS 
Methane and ethane are the primary molecules in natural 
gas fuel.149 The main by-product chemical when burning natural 
gas is carbon dioxide, a major GHG, however, the amount of 
carbon dioxide produced per unit of electricity by burning 
natural gas is less than that oil and almost half as much as 
coal.150 When extracting natural gas, methane is released, 
including from hydro-fracking wells employing newly-used 
technology to extract gas from shale formations.151 
Transportation of natural gas in underground pipe systems also 
can leak methane.152 This article next evaluates each of these 
                                                        
 146. Ray Purdy, The Legal Implications of Carbon Capture and Storage 
Under the Sea, 7 SUSTAINABLE DEV. L. & POL’Y 22, 23 (2006) (citing SCIENCE 
AND TECHNOLOGY COMMITTEE, MEETING UK ENERGY AND CLIMATE NEEDS: 
THE ROLE OF CARBON CAPTURE AND STORAGE: GOVERNMENT RESPONSE TO THE 
COMMITTEE’S FIRST REPORT OF SESSION 2005–06, Vol. I, HC-578-1 (UK)). 
 147. See id. at 23 tbl.1 (projecting the world’s global emissions in 2030 to be 
36.868 gigatons). 
 148. Id. 
 149. See Chemical Composition of Natural Gas, UNION GAS (2017), 
https://www.uniongas.com/about-us/about-natural-gas/chemical-composition-
of-natural-gas (listing methane and ethane as the top two typical components 
of natural gas). 
 150. See Carbon Dioxide Emissions Coefficients, U.S. ENERGY INFO. ADMIN. 
(Feb. 2, 2016), https://www.eia.gov/environment/emissions/co2_vol_mass.php 
(providing data that shows coal produces 210.20 pounds of CO2 (million BTU), 
whereas natural gas produces 117 pounds CO2 (million BTU)). 
 151. See Mark Fischetti, Fracking Would Emit Large Quantities of 
Greenhouse Gases, SCI. AM. (Jan. 20, 2012), 
https://www.scientificamerican.com/article/fracking-would-emit-methane/ 
(“[P]ipeline leaks are the main culprit, but fracking is a quickly growing 
contributor.”); See also Gayathri Vaidyanathan, Methane Leaks from Oil and 
Gas Wells Now Top Polluters, SCI. AM. (Apr. 16, 2015), 
https://www.scientificamerican.com/article/methane-leaks-from-oil-and-gas-
wells-now-top-polluters/ (“[E]missions of methane . . . from the oil and gas 
sector rose to the top spot” among the largest emitters). 
 152. See infra Section III. 
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aspects of the fossil fuel methane chain, and how better 
management of these releases can be achieved. 
1.  The Issue Presented by Gas as a “Bridge” Fuel Fossil Fuel 
Figure 8 shows that natural gas was the last developed of 
the fossil fuels, but it is now enjoying a new accelerating amount 
of extraction. Notwithstanding this recent surge, natural gas 
was burned in China in the Sichuan Province as early as the Han 
Dynasty in 200 B.C. to evaporate briny water.153 This 
application for natural gas was transported in bamboo pipelines 
and burned under large cast iron pans.154 In more recent times, 
global extraction of natural gas increased 1,000 percent between 
1950 and 1970, and then doubled again by 1990.155 Natural gas 
is seventy to ninety-five percent methane molecules,156 with a 
minor amount of higher alkanes, including butane,157 
propane,158 and ethane.159 For the production of plastics and 
synthetic nitrogen, natural gas is employed as the feedstock.160 
 
 
 
 
 
 
                                                        
 153. See VACLAV SMIL, ENERGIES: AN ILLUSTRATED GUIDE TO THE 
BIOSPHERE AND CIVILIZATION 141 (1998). 
 154. See id. at 142. 
 155. See id. 
 156. See Kevin A. Boudreaux, Molecular Gallery, ANGELO ST. U., 
https://www.angelo.edu/faculty/kboudrea/molecule_gallery/01_alkanes/00_alka
nes.htm (last visited Oct. 18, 2018) (“Natural gas is about 70%-95% methane 
depending on the location in which it is obtained.”). 
 157. See id. (“Butane . . . burns cleanly, and is used in LPG fuels (liquified 
petroleum gas) for outdoor cooking . . . . In [liquid form], it is used in cigarette 
lighters and lighter sticks.”). 
 158. See id. (“Propane is used as an industrial fuel, and in home heating and 
cooking. Both propane and butane are used as [liquefied petroleum gas] fuels 
for outdoor cooking, either in camping stoves or outdoor gas barbecue grills.”). 
 159. See id. (“[Ethane] is a minor component of natural gas (10%-30%, 
depending on the location of the source).”). 
 160. See How Plastics Are Made: The Basics of Plastic Manufacturing, AM. 
CHEMISTRY COUNS. (2016), https://plastics.americanchemistry.com/How-
Plastics-Are-Made/ (“Plastics . . . are produced by the conversion of natural 
products or by the synthesis from primary chemicals generally coming from oil, 
natural gas, or coal.”). 
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Figure 8. Energy Consumption by Source, 1635-2000 
(Quadrillion Btu)161 
 
The recoverable amount of natural gas is dramatically 
expanded by employment of hydro-fracking technology.162 
Greater supply affects the world price of the fuel. In the country 
leading the use of hydro-fracking, the price of gas decreased in 
the U.S. market,163 commensurately causing demand to 
increase.164 Figure 9 illustrates that in the most recent seven-
year period, prices of natural gas prices fell by two-thirds of the 
                                                        
 161. Steven Ferrey, Ring-Fencing the Power Envelope of History’s Second 
Most Important Invention of all Time, 40 WM. & MARY ENVTL. L. & POL’Y REV. 
1, 9, figure 2. 
 162. See The Process of Unconventional Natural Gas Production: Hydraulic 
Fracturing, U.S. ENVTL PROT. AGENCY, https://www.epa.gov/uog/process-
unconventional-natural-gas-production (last updated Jan. 26, 2018). 
 163. See infra Figure 9. 
 164. See Hodge, supra note 86. 
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2008 price.165 Gas prices now are very close to coal prices, as 
shown in Figure 9.166 
 
Figure 9. Average Fuel Receipt Costs at Electric 
Generating Plants (2000-2016)167 
 
Natural gas use for power generation is accompanied by 
reduced emissions of only approximately one-half the amount of 
carbon dioxide emissions compared to use of coal, as well as 
lower emission of criteria pollutants.168 This makes natural gas 
the “bridge” fossil fuel over which the transition from fossil fuels 
to renewable fuels will most likely traverse. More advanced 
combined-cycle gas turbines make the use of natural gas for 
power generation more efficient,169 incurring less maintenance 
expenses for units which burn cleaner natural gas than coal. 
                                                        
 165. See infra Figure 9; see also Gail Teverberg, Why U.S. Natural Gas 
Prices Are So Low – Are Changes Needed?, OUR FINITE WORLD (Mar. 23, 2012), 
http://ourfiniteworld.com/2012/03/23/why-us-natural-gas-prices-are-so-low-
are-changes-needed/. 
 166. See infra Figure 9. 
 167. Hodge, supra note 86. 
 168. See Environmental Benefits of Natural Gas, AM. GAS ASS’N, 
http://www.aga.org/environmental-benefits-natural-gas (discussing these 
lesser criteria pollutant emissions include particulate matter, SO2, and NOx). 
 169. See FERREY, LAW OF INDEPENDENT POWER, supra note 104, § 2.9. 
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While the combustion process for natural gas is cleaner, if 
methane leaks in the drilling or transportation process, there 
could be a net increase, compared to coal use, in the net global 
warming effect.170 
2. Fracking Technology and Methane 
New technology changes the amount of gas supply, the 
amount of supply changes price, and price influences choice of 
power generation fuels worldwide. The U.S. now produces more 
natural gas than the two major suppliers, Russia and Saudi 
Arabia.171 Hydraulic fracturing is a drilling technique to inject 
high pressure fluids to break up shale rock, releasing methane 
gas trapped in those rocks which can be extracted and collected 
to the surface by a pipe system.172 Horizontal drilling methods 
allow expanded reach to more remote shale and its gas through 
single wells, improving drilling economics.173 
As a result of hydro-fracking technology, the U.S. now 
boasts the second largest supply of identified natural gas in the 
world, significantly located in its shale deposits and second only 
in gas supplies to those in Russia,174 as shown in Figure 10. The 
key to not having use of more natural gas increase methane 
leakage to a warming atmosphere is the technology required 
(or not) during additional gas extraction and pipeline 
transportation to consumers. The margin for error is thin: 
Researchers Hogarth and Ingraffea at Harvard University 
document that if three percent or more of methane leaked from 
new hydro-fracked wells, the net effect from that leaked 
methane would be more warming to the environment than 
                                                        
 170. Bill McKibben, Why Not Frack?, N.Y. REV. OF BOOKS (Apr. 26, 2012), 
http://www.nybooks.com/articles/2012/03/08/why-not-frack/. 
 171. See U.S. Overtakes Saudi Arabia and Russia as Largest Oil Producer, 
INST. FOR ENERGY RES. (July 10, 2014), 
http://instituteforenergyresearch.org/analysis/u-s-overtakes-saudi-arabia-
russia-worlds-biggest-oil-producer. 
 172. See The Process of Unconventional Natural Gas Production, supra note 
162 (defining perforated wellbore as a hole punched in the casing of a well to 
connect it to the reservoir). 
 173. See Hobart M. King, Directional and Horizontal Drilling in Oil and Gas 
Wells, GEOLOGY.COM, http://geology.com/articles/horizontal-drilling/ (last 
visited Nov. 2, 2018). 
 174. Linda Doman & Ari Kahan, United States Remains the World’s Top 
Producer of Petroleum and Natural Gas Hydrocarbons, U.S. ENERGY INFO. 
ADMIN. (June 7, 2017), 
https://www.eia.gov/todayinenergy/detail.php?id=31532. 
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additional carbon dioxide from coal burning:175 Showing 
measured gas leak rates of methane from shale drilling of 3.6 to 
7.9 percent, as high as nine percent.176 
 
Figure 10. Recoverable Natural Gas Reserves177 
 
As gas is extracted, transported, and sold, there is the 
constant possibility of methane leaks at each phase of 
extraction and transportation in any country. The 
International Energy Agency notes that increasing world gas 
supply will cause downward pressure on gas prices, causing a 
projected increase of fifty percent in global demand for natural 
gas in the twenty-five-year period 2010-2035.178 Consequently, 
such an increased use of natural gas could increase 
cumulative concentrations of carbon dioxide in the 
atmosphere to 650 ppm, increasing world temperatures 3.5°C, 
exceeding the manageable threshold identified by climate 
experts.179 Therefore, international law and policy needs to 
                                                        
 175. McKibben, New Chemistry, supra note 7. 
 176. Id. 
 177. Which Countries are the Largest Consumers and Producers?, INT’L 
ENERGY AGENCY, http://www.iea.org/aboutus/faqs/gas/. 
 178. See Wright, supra note 77. 
 179. See Brad Plumer, Can Natural Gas Help Tackle Global Warming? A 
Primer, THE WASH. POST (Aug. 20, 2012), 
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appreciate and address the environmental challenges posed by 
new technologies for extraction of more conventional fossil fuels. 
C. TRANSPORTATION OF GAS AND LEAKS 
Methane is released into the atmosphere indirectly and 
unintentionally when natural gas is transported and stored.180 
Transporting methane is a challenge distinct from transporting 
other fossil fuels such as oil or coal: One can’t see the methane 
in natural gas, as one can see coal and oil. Official estimates 
suggest that 0.35 to 0.70 percent of the gas carried in pipelines 
leaks to the atmosphere, a modest amount.181 However, 
upstream, methane also leaks during oil and gas well extraction. 
The total methane leakage in the entire natural gas process 
chain is estimated to be 2.4 percent from the point of production 
to consumption; if well managed, it remains below the methane 
released from new coal-fired plants with methane release 
equivalent to 3.2 percent.182 However, a detailed non-
governmental report of a moderate-sized city in a developed 
country which applied regulatory controls, found183 that there 
was gas escaping at high levels at which explosions can occur, 
and “[t]he costs of these leaks—about $38.8 million a year—are 
passed on to [retail] gas customers . . . .”184 
The challenge is not one of technology, but one of regulatory 
law. From the initial point of drilling well pads through 
underground pipes carrying natural gas to consumers, it is 
possible to locate and repair gas leakage. However, even if a 
                                                        
https://www.washingtonpost.com/news/wonk/wp/2012/08/20/can-natural-gas-
really-help-tackle-global-warming-heres-everything-you-need-to-
know/?utm_term=.559deac7284a. 
 180. See MATTHEW R. HARRISON ET AL., U.S. ENVTL. PROT. AGENCY, 
RESEARCH AND DEVELOPMENT: METHANE EMISSIONS FROM THE NATURAL GAS 
INDUSTRY VOLUME 2: TECHNICAL REPORT 19 (1996), 
https://www.epa.gov/sites/production/files/2016-
08/documents/2_technicalreport.pdf. 
 181. See Gayathri Vaidyanathan, Methane: DOE Discloses First Steps to 
Curb Leaks in Natural Gas Systems, E&E NEWS (July 30, 2014), 
http://www.eenews.net/stories/1060003765. 
 182. See The Climate Impacts of Methane Emissions, ENVTL. DEF. FUND 
(Apr. 2012), https://www.edf.org/energy/methaneleakage. 
 183. See Mariella Puerto, The Invisible Elephant in the Room: Gas Leaks 
and Climate, BARR FOUND. (Jan. 28, 2013), 
https://www.barrfoundation.org/blog/the-invisible-elephant-in-the-room-gas-
leaks-and-climate. 
 184. Id. 
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greatly reduced leak rate could be achieved, and it was 
accompanied by an increased dependency on natural gas as an 
energy source for heating homes and providing electricity, this 
could result in more net emissions with the resulting 
consequence of not achieving the international target of eighty 
percent reduction in GHG emissions by 2050.185 
Natural gas is not required to be delivered only by pipelines, 
and therefore is not restricted to transportation only across and 
within a contiguous land mass by pipes underground. Only one-
third of all gas is traded across international borders, compared 
with two-thirds of oil traded internationally.186 With new 
fracked gas in the U.S. creating surplus supply, American 
liquefied natural gas (LNG) recently began shipment to overseas 
consumers by boat as an energy export commodity.187 While 
there is a world market in developed countries for LNG, there is 
not a world price for gas, like there is for oil.188 International gas 
markets have no uniform global price, as does oil which is priced 
in a narrow range in U.S. dollars.189 
D. INTERNATIONAL REGULATION TO MANAGE METHANE 
LEAKAGE 
1. Developed Country Policy 
Managing methane gas leakage, with additional 
sustainable regulatory requirements, could yield a net financial 
gain to all stakeholders commensurate with societal gains for 
climate mitigation. Transportation leaks of gas are a major 
climate warming issue: in 2011 alone, gas distribution 
companies in the U.S. reported that they released sixty-nine 
                                                        
 185. See UNION OF CONCERNED SCIENTIST, AVOIDING DANGEROUS CLIMATE 
CHANGE: A TARGET FOR U.S. EMISSIONS REDUCTIONS (2007), 
https://www.ucsusa.org/sites/default/files/legacy/assets/documents/global_war
ming/emissions-target-fact-sheet.pdf. 
 186. See Wright, supra note 77. 
 187. See Natural Gas: U.S. Natural Gas Imports & Exports 2016, U.S. 
ENERGY INFO. ADMIN., (June 29, 2017), 
https://www.eia.gov/naturalgas/importsexports/annual/. 
 188. See ENERGY CHARTER SECRETARIAT, PUTTING A PRICE ON ENERGY: 
INTERNATIONAL PRICING MECHANISMS FOR OIL AND GAS 26–27 (2007), 
https://energycharter.org/fileadmin/DocumentsMedia/Thematic/Oil_and_Gas_
Pricing_2007_en.pdf. 
 189. See id. 
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billion cubic feet of natural gas into the atmosphere.190 It is cost-
effective to repair gas transportation pipeline system methane 
leaks.191 Advanced laser technology sensors now create images 
of methane leaks from oil-and-gas infrastructure in real time.192 
The technology exists to locate and repair methane leaks across 
the entire natural gas process chain, from hydraulic fracturing 
well pads to pipelines.193 However, even a greatly reduced leak 
rate, if accompanied by an increased dependency on natural gas 
as an energy source for heating homes and providing electricity, 
could result in not achieving a necessary eighty percent 
reduction in GHG emissions by 2050.194 
Ultimately, within any given nation, natural gas 
transportation leak prevention must be implemented through 
decisions and actions of gas distribution utilities and energy 
regulatory agencies. Of note, methane emissions are 
economically and legally distinct from carbon dioxide emissions. 
First, methane has resale value as valuable fuel if captured, 
while carbon dioxide does not. Second, this cost is passed on to 
consumers: the U.S. now passes on to captive customers of gas 
utilities $20 billion per decade in costs attributed to leakage of 
natural gas.195 
In the leading gas fracking nation, President Obama had 
the Environmental Protection Agency (EPA) and DOE develop 
new measures to reduce gas pipeline methane leakage, 
establishing a goal of a forty to forty-five percent reduction of 
methane escape compared to 2012 leakage levels, to be achieved 
                                                        
 190. See Edward Markey, Markey Report: Leaky Natural Gas Pipelines 
Costing Consumers Billions, MARKEY SENATE (Aug. 1, 2013), 
http://www.markey.senate.gov/news/press-releases/markey-report-leaky-
natural-gas-pipelines-costing-consumers-billions. 
 191. See CRAIG AUBUCHON & PAUL HIBBARD, ANALYSIS GRP., INC., 
SUMMARY OF QUANTIFIABLE BENEFITS AND COSTS RELATED TO SELECT 
TARGETED INFRASTRUCTURE REPLACEMENT PROGRAMS 15–16 (Jan. 2013), 
http://www.analysisgroup.com/uploadedfiles/content/insights/publishing/benefi
ts_costs_tirf_jan2013.pdf (explaining that leaks generate economic benefits by 
(1) reducing the amount of gas that utilities buy and charge ratepayers for, and 
(2) reducing the social impact of higher GHG emissions). 
 192. See Ucilia Wang, California’s Massive Gas Leak Prompts New Interest 
in Detection Technology, THE GUARDIAN (Jan. 15, 2016), 
https://www.theguardian.com/sustainable-business/2016/jan/15/california-gas-
leak-socalgas-aliso-canyon-edf-epa-methane-emissions. 
 193. See id. 
 194. See UNION OF CONCERNED SCIENTIST, supra note 185. 
 195. See MARKEY, supra note 190, at 41. 
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by 2025.196 The EPA issued several reports, first sought 
comments on options to reduce methane emissions,197 and 
thereafter in 2016 issued rules to cause decrease natural gas 
leakage rate in new and existing gas infrastructure.198 The new 
U.S. rules will require technology that is already available: 
Pressurized natural gas powers all sorts of pneumatic devices 
throughout the oil-and-gas industry which “high-bleed” 
instruments can be replaced with new “low-” or “no-bleed” 
alternatives.199 The Trump administration is attempting to roll 
back Obama limits on methane that is leaked, vented or flared 
from oil and gas wells generally as well as those on federal 
                                                        
 196. See Press Release, Gina McCarthy, Adm’r., U.S. Envtl Prot. Agency, 
EPA Taking Steps to Cut Methane Emissions from Existing Oil and Gas 
Sources (Mar. 10, 2016), https://blog.epa.gov/2016/03/10/epa-taking-steps-to-
cut-methane-emissions-from-existing-oil-and-gas-sources/. 
 197. See U.S. ENVTL PROT. AGENCY, REDUCING METHANE EMISSIONS FROM 
THE OIL AND NATURAL GAS INDUSTRY (Mar. 10, 2016), 
https://www.epa.gov/sites/production/files/2016-
09/documents/20160310fs1.pdf. 
 198. See U.S. ENVTL PROT. AGENCY, ACTIONS TO REDUCE METHANE AND 
VOC EMISSIONS FROM THE OIL AND NATURAL GAS INDUSTRY: FINAL RULES AND 
DRAFT INFORMATION COLLECTION REQUEST (May 2016), 
https://www.epa.gov/sites/production/files/2016-09/documents/epa-
oilandgasactions-may2016_presentation.pdf; see also Robert S. Eshelman, 
Obama Administration Issues New Rules on Methane Emissions from Oil and 
Gas Industry, VICE NEWS: ENV’T (May 12, 2016, 2:40 PM), 
https://news.vice.com/article/the-obama-administration-issues-new-rules-on-
methane-emissions-from-the-oil-and-gas-industry (describing the Obama 
Administration’s final set of directives targeting methane emission reduction in 
the oil and gas industry). Obama has committed to cutting United States 
methane emissions from the oil and gas sector by forty to forty-five percent (40–
45%) from 2012 levels by 2025. Id. The EPA estimates that the new rule will 
reduce methane emissions by 510,000 tons in 2025, which is equivalent to the 
GHG emissions produced by nearly 2.5 million automobiles in a year. Id. 
 199. See Eric Roston, Obama Sets Stage for Huge Emissions Cuts, Unless 
Trump Wins, BLOOMBERG: BUS. (May 13, 2016, 5:00 AM), 
https://www.bloomberg.com/news/articles/2016-05-13/obama-sets-stage-for-
huge-emissions-cuts-unless-trump-wins. The rule also sets methane emissions 
limits for pneumatic pumps, compressors and pneumatic controllers used at 
compressor stations and pieces of equipment covered by performance standards 
issued in 2012 that did not explicitly regulate methane. See Oil and Natural 
Gas Sector: Emission Standards for New, Reconstructed and Modified Sources, 
81 Fed. Reg. 35,824, 35,826 (June 3, 2016) (to be codified at 40 C.F.R. pt. 60). 
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lands,200 and California and New Mexico sued to halt such roll 
back.201 
About seventy percent of the cost of the new rules 
promulgated at the end of the Obama Administration are 
expected to be devoted to the cost of finding and repairing the 
leaks, mostly in well pad equipment.202 EPA suggested that the 
environmental benefits will outweigh compliance costs by as 
much as $160 million by 2025.203 In theory, depending on 
implementation, this could be societally neutral in terms of net 
cost, because the gas saved by reducing leakage may be worth 
$100 million in recovered value, which would cover the capital 
cost of these capture-and-reuse programs.204 
Even though the U.S. may be responsible for approximately 
ten percent of world methane leaks,205 other countries 
responsible for the remaining ninety percent will need to 
contribute to arresting methane leakage in the environment. 
Methane, an emission produced in every nation, requires an 
international solution to be effective. 
                                                        
 200. Ari Natter and Alan Kovski, Trump Relaxes Obama Curbs on Flaring 
Gas From Wells on U.S. Land, Bloomberg Energy & Environment, Sept. 18, 
2018. 
 201. Kartikay Mehrotra, California, New Mexico Sue Trump for Axing 
Methane-Waste Rules, Bloomberg Environment Reporter, Sept. 19, 2018. 
 202. See Roston, supra note 199. The initial regulations proposed in August 
2015 would have incurred less cost than the final rules which require more 
frequent monitoring and repairs. Id. The rule requires new wells to develop leak 
monitoring plans and mandates that well site operators conduct an initial leak 
survey within a year or within sixty (60) days of startup and twice annually 
after that. Id. The rule requires that operators scan for leaks using optical gas 
imaging equipment or comparable monitoring methods. Id. 
 203. Id. 
 204. Andrew Childers & Anthony Adragna, New Wells Regulated, EPA Eyes 
Methane from Existing Sources, BLOOMBERG: ENV’T & ENERGY REPORT (May 
12, 2016), https://www.bna.com/new-wells-regulated-n57982072327/ 
(explaining the final rule amends 40 C.F.R. Part 60, Subpart OOOO and adds 
a new 40 C.F.R. Part 60, Subpart OOOOa. Further, the agency estimates it will 
reduce 510,000 short tons of methane in 2025 while providing climate benefits 
of $690 million in 2025, outweighing the estimated costs of $530 million in 2025. 
As part of the final rule, the EPA chose not to exempt low production well sites—
hose that produce less than fifteen (15) barrels of oil equivalent per day—from 
the leak detection requirements). 
 205. See Roston, supra note 199. 
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2. International Implications 
Canada’s Prime Minister, Justin Trudeau, with Canada 
among the four largest oil-and-gas producers in the world, 
agreed to make similar reductions in methane pollution that the 
Obama Administration pledged to implement.206 Mexico also 
later agreed to this goal.207 Projected in an international context, 
Figure 11 illustrates estimates of the U.S. DOE and EIA, on 
international growth of the sources of electric generation over 
the next approximately quarter of a century.208 The second 
greatest increase in fuel use for power production worldwide will 
be natural gas.209 
With the recent application of hydro-fracking technology, 
the amount of recoverable natural gas will increase in many 
countries, and greater supply will increase availability and 
commensurately decrease the price of natural gas.210 The 
greatest expected increase in source of power generation over the 
next quarter century is coal, surpassing nuclear power, solar, 
wind, and hydroelectric power, as shown in Figure 11.211 
According to experts, “If the Harvard data hold up and we keep 
on fracking, it will be nearly impossible for the United States to 
meet its promised goal of a twenty-six to twenty-eight percent 
reduction in GHGs from 2005 levels by 2025.”212 This possible 
failure by the U.S. to achieve climate goals for GHG release 
mitigation because of greater methane leaks through fracking, 
could be replicated in countries around the globe as this 
technology proliferates.213 
 
 
                                                        
 206. Dean Scott, Obama, Trudeau Pledge Quick Paris Deal Implementation, 
47 ENV’T REP. 754 (Mar. 11, 2016). 
 207. See Kate Konschnik & Sarah Marie Jordaan, Reducing Fugitive 
Methane Emissions from the North American Oil and Gas Sector: A Proposed 
Science-Policy Framework, 18 CLIMATE POL’Y 1133, 1133–34 (2018). 
 208. INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 10, fig. 15. 
 209. See infra Figure 11. 
 210. See e.g., INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 44 
(discussing global natural gas pricing mechanisms). 
 211. See infra Figure 11. 
 212. McKibben, New Chemistry, supra note 7. 
 213. See Id. 
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Figure 11. Predicted Growth of Global Electricity 
Generation, by Source214 
 
This requires that international policy must begin to 
meaningfully address fuel substitution, gas system leaks, and 
the pace of adoption of renewable energy alternatives in every 
one of the two hundred nations in the world. Use of new satellite, 
aircraft, and drone capabilities coupled with on-site continuous 
monitoring and automated infrared imaging, have the potential 
to greatly improve methane leak detection, monitoring, and 
repairs.215 The next section shifts from proactive policy for 
energy use in a climate-constrained world, to additional 
methane waste emissions internationally and the way that 
resources are managed or mismanaged. 
                                                        
 214. INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19. 
 215. Cf. Stanford and Environmental Defense Fund Select 12 Technologies 
to Compete in Methane Leak Detection Simulation, ENVTL DEF. FUND, (Mar. 27, 
2018), https://www.edf.org/media/stanford-and-environmental-defense-fund-
select-12-technologies-compete-methane-leak-detection (describing a number of 
monitoring technologies meant to reduce methane leakage). 
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IV.  INTERNATIONAL MULTI-SECTORAL WASTE 
METHANE 
A. LANDFILL METHANE FROM ALL NATIONS 
Every nation disposes of its waste, either with or without 
management of that waste. Methane escaping from waste 
mismanagement from landfills is a problem of international 
proportion. The per capita generation of municipal waste (MSW) 
is a function of both population and affluence. The largest 
amount of MSW is generated by OECD countries, and lesser 
amounts by less developed countries.216 Many world countries do 
not even keep MSW generation or management records.217 This 
is an ongoing and increasing problem that must be addressed by 
law, as the amount of MSW generated worldwide is expected to 
almost double to 2.2 billion tons annually by 2025.218 
Trash in landfills creates seventeen percent of all 
anthropogenic methane production—less than only livestock 
operations and natural gas production of methane, and more 
than wastewater management methane.219 Trash increases 
climate change because its organic materials decompose220 to 
methane under anaerobic conditions.221 Landfills in the U.S. 
                                                        
 216. See DANIEL HOORNWEG & PERINAZ BHADA-TATA, WORLD BANK, WHAT 
A WASTE: A GLOBAL REVIEW OF SOLID WASTE MANAGEMENT 9, fig. 1 (2012), 
https://siteresources.worldbank.org/INTURBANDEVELOPMENT/Resources/3
36387-1334852610766/What_a_Waste2012_Final.pdf. 
 217. See id. at 11. 
 218. See id. at 8. 
 219. See Dave Fehling, Garbage Gas: Is Methane Going To Waste in Texas?, 
NAT’L PUB. RADIO: STATEIMPACT (Dec. 4, 2012, 6:45 AM), 
http://stateimpact.npr.org/texas/2012/12/04/garbage-gas-is-methane-going-to-
waste-in-texas/. 
 220. See AGENCY FOR TOXIC SUBSTANCES & DISEASE REGISTRY, CTRS. FOR 
DISEASE CONTROL & PREVENTION, LANDFILL GAS PRIMER: AN OVERVIEW FOR 
ENVIRONMENTAL HEALTH PROFESSIONALS 8 (2001), 
https://www.atsdr.cdc.gov/HAC/landfill/PDFs/Landfill_2001_ch2mod.pdf. 
 221. See OFFICE OF AIR QUALITY PLANNING & STANDARDS, U.S. ENVTL 
PROT. AGENCY, MUNICIPAL SOLID WASTE LANDFILLS, VOLUME 1: SUMMARY OF 
THE REQUIREMENTS FOR THE NEW SOURCE PERFORMANCE STANDARDS AND 
EMISSION GUIDELINES FOR MUNICIPAL SOLID WASTE LANDFILLS 1–2 (Feb. 
1999), https://www.epa.gov/sites/production/files/2016-12/documents/lf-
vol1.pdf. 
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containing trash accounted for 6.9 million metric tons of 
methane emitted annually.222 
Because waste is composed of a high percentage of organic 
materials, including paper, food scraps, and yard waste (see 
Figure 12), over time, bacterial decomposition of organic 
material, the volatilization223 of certain wastes, and chemical 
reactions within the landfill create copious quantities of gas.224 
About two-thirds of the total is organic matter that will degrade 
to release methane under anaerobic conditions.225 The chemical 
future of the bulk of MSW is its degradation to methane 
molecules.226 Landfill gas is comprised primarily of forty-five to 
sixty percent methane, as well as carbon dioxide, while 
containing smaller amounts of non-methane organic compounds 
and some other trace organic elements.227 For comparison, 
pipeline natural gas contains about ninety-five to ninety-eight 
percent methane.228 
 
 
 
 
 
                                                        
 222. Basic Information about Landfill Gas, U.S. ENVTL PROT. AGENCY, 
https://www.epa.gov/lmop/basic-information-about-landfill-gas (last updated 
Oct. 5, 2018). 
 223. See AGENCY FOR TOXIC SUBSTANCES & DISEASE REGISTRY, supra note 
220, at 3 (explaining volatilization as the process when organic compounds 
convert from a liquid or solid into vapor). 
 224. See id.; see also Basic Information about Landfill Gas, supra note 222 
(explaining landfill gas accounts for approximately 14.1% of human-related 
methane emissions in the United States). 
 225. See OFFICE OF AIR QUALITY PLANNING & STANDARDS, supra note 221 
(stating that in 2014, 14.6% of all waste sent to MSW landfills was food, 27% 
was paper, 6.2% was wood and 7.4% was yard trimmings); U.S. ENVTL PROT. 
AGENCY, INVENTORY OF U.S. GREENHOUSE GAS EMISSION AND SINKS: 1999–
2015, at 1–5 (2017), https://www.epa.gov/sites/production/files/2017-
02/documents/2017_complete_report.pdf (“Methane is primarily produced 
through anaerobic decomposition of organic matter in biological systems.”). 
 226. See ENERGY INFO. ADMIN., RENEWABLE ENERGY ANNUAL 1996, 99 
(1997) (“As MSW decomposes, it produces a blend of several gases, including 
methane (about 50 percent).”). 
 227. See id. at 100, tbl.28; see also Basic Information about Landfill Gas, 
supra note 222. 
 228. See Natural Gas STAR Program: Overview of the Oil and Natural Gas 
Industry, ENVTL. PROT. AGENCY, https://www.epa.gov/natural-gas-star-
program/overview-oil-and-natural-gas-industry (last updated Oct. 27, 2018). 
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Figure 12. Total MSW Generation by Material, 2013229 
 
Additional “fugitive emissions from landfills could be 
reduced by installing and maintaining bio-based systems such 
as bio covers or bio filters that oxidize methane emissions.”230 
The organic material entering landfills, which decomposes to 
methane gas, could be reduced through food waste reduction.231 
For example, food waste reduction and diversion programs cuts 
the amount of organic waste decomposing in landfills.232 Looking 
at developed countries as one example, approximately 133 
billion pounds of unconsumed food end up in landfills in the 
U.S.233 because it is either deemed cosmetically unfit or will not 
                                                        
 229. See OFFICE OF AIR QUALITY PLANNING & STANDARDS, supra note 221. 
 230. THE WHITE HOUSE, supra note 15, at 91. 
 231. See Press Release, U.S. Dep’t Agric., USDA and EPA Join with Private 
Sector, Charitable Organizations to Set Nation’s First Food Waste Reduction 
Goals (Sept. 16, 2015), https://www.usda.gov/media/press-
releases/2015/09/16/usda-and-epa-join-private-sector-charitable-organizations-
set [hereinafter Charitable Organizations] (“Food loss and waste is single 
largest component of disposed U.S. municipal solid waste, and accounts for a 
significant portion of U.S. methane emissions.”). 
 232. See id. (quoting EPA Administrator Gina McCarthy “[b]y reducing 
wasted food in landfills, we cut harmful methane emissions that fuel climate 
change . . . .”). 
 233. See id. 
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stay fresh long enough to be shipped far distances,234 making it 
the single greatest contributor to waste in municipal landfills.235 
In 2015, the U.S. Department of Agriculture and EPA, along 
with many private sector and food bank partners, announced a 
national target to reduce food waste fifty percent by 2030,236 and 
“[m]ultiple states, including Massachusetts, Vermont, and 
Connecticut, have implemented regulations to reduce food waste 
from commercial sources.”237 
During the end of the Obama Administration, the EPA 
finalized more stringent standards to reduce methane emissions 
from new and existing landfills to result in the reduction of eight 
million metric tons of methane emissions annually by 2025.238 A 
new landfill is considered one that will be constructed, 
reconstructed, or modified after July 17, 2014.239 New landfills 
would only be allowed to release one-third of their methane 
emissions into the atmosphere.240 The remaining two-thirds 
would have to be captured and the new landfills will have until 
2023 to meet this requirement.241 Existing landfills’ 
requirements to capture and contain methane would be lowered 
from fifty metric tons (equivalent to fifty MG) of non-methane 
organic compounds per year in the current regulations, to thirty-
four metric tons annually.242 The EPA estimates that 115 new 
landfills and 731 existing facilities would be required to install 
                                                        
 234. See Suzanne Goldenberg, From Field to Fork: The Six Stages of Wasting 
Food, THE GUARDIAN (July 14, 2016), 
https://www.theguardian.com/environment/2016/jul/14/from-field-to-fork-the-
six-stages-of-wasting-food (detailing how farmers often discard aesthetically 
unpleasing produce before it is shipped to grocery stores and the consumer and 
how long-distance shipping can spoil food like chicken). 
 235. See Charitable Organizations, supra note 231, at 2. 
 236. THE WHITE HOUSE, supra note 15, at 92. 
 237. Id. (citation omitted). 
 238. See id. at 91. 
 239. 40 C.F.R. § 60.31f(a) (2016); Andrew Childers, EPA Tightens Landfill 
Standards to Reduce Methane, BLOOMBERG ENV. (July 21, 2016, 11:00 PM), 
https://bnanews.bna.com/environment-and-energy/epa-tightens-landfill-
standards-to-reduce-methane. 
 240. See Emily Atkin, In Newest Climate Push, EPA Proposes To Limit 
Methane Pollution From Trash Dumps, THINK PROGRESS (July 2, 2014, 4:02 
PM), https://thinkprogress.org/in-newest-climate-push-epa-proposes-to-limit-
methane-pollution-from-trash-dumps-2d5734c4b4b1/. 
 241. See id. 
 242. 40 C.F.R. §§ 60.30f–60.41f, 60.760–60.769, 60.33c (2016); see Emission 
Guidelines and Compliance Times for Municipal Solid Waste Landfills, 81 Fed. 
Reg. 59, 276 (Aug. 29, 2016) (to be codified at 40 C.F.R. pt. 60). 
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additional pollution controls under the final rules, to reduce 
methane emissions by 334,000 metric tons at an annual cost 
nationwide of $6 million in 2025.243 
Consistent policy implementation can be fickle. In May 
2017, the EPA, under a new Presidential administration, 
announced a ninety-day stay in enforcing the 2016 landfill 
methane regulations.244 In January 2018, the administration 
announced that it would not continue to stay these existing 
regulations.245 In March 2018, seven states threatened to sue 
EPA for not enforcing the 2016 Obama Administration rules for 
states to control landfill methane emissions by the end of 2017 
the requirement.246 
B. METHANE FROM HUMAN WASTE 
In every country, human sewer wastewater creates methane 
from the decomposition of the organic matter in the waste.247 
While not as significant as methane release from fossil fuel 
production, animal operations, and landfills, there is methane 
release occurring at wastewater treatment operations around 
the world which can be captured for productive purposes.248 In 
                                                        
 243. U.S. ENVTL PROT. AGENCY, FINAL UPDATES TO PERFORMANCE 
STANDARDS FOR NEW, MODIFIED AND RECONSTRUCTED LANDFILLS, AND 
UPDATES TO EMISSIONS GUIDELINES FOR EXISTING LANDFILLS: FACT SHEET 1–
4 (2016), https://www.epa.gov/sites/production/files/2016-
09/documents/landfills-final-nsps-eg-factsheet.pdf. 
 244. Press Release, U.S. Envtl Prot. Agency, EPA Stays Landfill Methane 
Rules (May 23, 2017), https://www.epa.gov/newsreleases/epa-stays-landfill-
methane-rules. 
 245. Mike Mills & Shannon Morrissey, Trump EPA Will Not Stay Landfill 
Methane Rules, CAL. ENVT’L L. BLOG (Jan. 29, 2018), 
https://www.californiaenvironmentallawblog.com/regulations/trump-epa-will-
not-stay-landfill-methane-rules/. 
 246. See Timothy Cama, States Threaten to Sue Trump EPA for Delay in 
Enforcing Landfill Pollution Rule, THE HILL (Mar. 23, 2018), 
https://thehill.com/policy/energy-environment/380008-states-threaten-to-sue-
trump-epa-for-delay-in-enforcing-landfill. http://thehill.com/policy/energy-
environment/380008-states-threaten-to-sue-trump-epa-for-delay-in-enforcing-
landfill. 
 247. See Tim Webb, Human Waste Turned into Renewable Gas to Power 
Homes, THE GUARDIAN (Oct. 5, 2010), 
https://www.theguardian.com/business/2010/oct/05/human-waste-turned-
renewable-gas (explaining how the methane is produced from human sewer 
waste). 
 248. See id. (detailing a project venture in the UK to turn the methane 
created from sewage sludge into renewable gas); Overview of Greenhouse Gases: 
Methane Emissions, supra note 6 (breaking down 2106 U.S. methane emissions 
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the ongoing international debate about which countries should 
participate in global warming gas emission reductions and 
which should be exempt from international compacts,249 there is 
little reason that any country should receive an exemption for 
management of methane emissions from its own human waste 
methane or landfill methane emissions. 
The amount of methane created from human biologic waste 
corresponds generally to the size of a population in a country or 
a region.250 Methane emissions from human waste management 
do not directly correlate with the degree of development of a 
country, but rather with the size of its population which creates 
biological waste daily.251 Therefore, the responsibility to contain 
these types of fugitive methane emissions from human waste are 
distributed across the world proportionately as a responsibility 
of every country relative to its population. 
There is better policy still to be implemented in developed 
countries, as well as in developing countries. Here is a concise 
overview at very modest control of waste methane in a developed 
country with data: in the U.S. today, there are 16,000 operating 
public wastewater treatment facilities.252 Of the total, less than 
1,500, constituting less than ten percent, utilize anaerobic 
                                                        
by source: thirty-one percent from natural gas and petroleum systems, twenty-
six percent from enteric fermentation, sixteen percent from landfills, ten 
percent from manure management, nine percent from “other,” and eight percent 
from coal mining). 
 249. See Steven Ferrey, Changing Venue of International Governance and 
Finance: Exercising Legal Control over the $100 Billion per Year Climate Fund, 
30 WIS. J. INT’L L. 26 (2012) (discussing the need for all countries to reduce 
GHG). 
 250. See Rajkimar Joshi & Sirajuddin Ahmed, Status and Challenges of 
Municipal Solid Waste Management in India: A Review, 2 COGENT ENVT’L 
SCIENCE 1, 3 tbl.1 (2016), http://home.iitk.ac.in/~anubha/H13.pdf (showing that 
per capita waste generation rate increases as population size increases). 
 251. See id. (demonstrating that it is the increase in the size of the 
population of the city that increases amount of biological waste produced, not 
the development of the city). But see Chander Kumar Singh et al., Quantitative 
Analysis of the Methane Gas Emissions from Municipal Solid Waste in India, 8 
SCIENTIFIC REPORTS 1, 1 (2018), https://www.nature.com/articles/s41598-018-
21326-9.pdf (showing that total methane emissions are highly correlated with 
the gross state domestic product and gross domestic product of the country, both 
indicators of human well-being). 
 252. See U.S. DEP’T OF HOMELAND SEC., 2015 WATER AND WASTEWATER 
SYSTEM SECTOR-SPECIFIC PLAN 5 (2015), 
https://www.dhs.gov/sites/default/files/publications/nipp-ssp-water-2015-
508.pdf. 
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digesters on site to extract forming methane gas.253 Of this less 
than ten percent that employ methane capture, only about four-
fifths of these, constituting about eight percent of all public 
wastewater facilities, employ the captured methane 
productively as a reusable fuel, rather than flaring it as a waste 
product.254 That means ninety-two percent of the public 
wastewater facilities in the U.S., one of the most developed 
countries, do not make productive use of the methane that their 
facilities create. In any developed or developing country, the 
technology to do so is available, and not new or exotic. The biogas 
produced by human or animal waste is sixty percent methane, 
forty percent carbon dioxide, and trace elements of hydrogen 
sulfide.255 The well-used technology of an anaerobic digester 
permits bacteria to convert organic material anaerobically,256 
which thereafter is usable fuel for electricity generation or can 
be combusted for heat. 
There are ancillary environmental benefits from employing 
a process to extract the usable methane forming from waste 
products. The amount of waste solids remaining to be disposed 
is reduced, odor of the material is reduced, and perhaps most 
important, climate-warming GHG emissions of the material are 
reduced by ninety-five percent when the methane is 
combusted.257 The remaining sewage solids can be landfilled, 
burned, or recycled, and must be handled in some form whether 
or not the methane is captured. 
The energy potential of the residual solid waste materials 
sewage, in addition, can be heated anaerobically to the point of 
combustion, becoming syngas, a combination of carbon 
                                                        
 253. See PATRICK SERFASS, AM. BIOGAS COUNCIL, STATE OF THE U.S. 
BIOGAS INDUSTRY 5, http://americanbiogascouncil.org/pdf/ABC-StateoftheInd-
BiocyclePolicyPres.pdf. 
 254. See AM. SOC’Y CIVIL ENG’RS, 2017 INFRASTRUCTURE REPORT CARD: 
WASTEWATER (2017), https://www.infrastructurereportcard.org/wp-
content/uploads/2017/01/Wastewater-Final.pdf. 
 255. See Chris Henry & Rick Koelsch, What is an Anaerobic Digester?, 7 
MANURE MATTERS (Univ. of Nebraska-Lincoln), 2001, at 1, 
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1009&context=man
urematters. 
 256. See Michael Schirber, Waste Not: Energy from Garbage and Sewage, 
LIVE SCI. (Nov. 3, 2004, 4:00 AM), https://www.livescience.com/25-waste-
energy-garbage-sewage.html. 
 257. See PEW CTR. ON GLOB. CLIMATE CHANGE, ANAEROBIC DIGESTERS 5–6 
(2011), http://www.ourenergypolicy.org/wp-
content/uploads/2012/04/AnaerobicDigesters.pdf. 
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monoxide, carbon dioxide, and hydrogen,258 which thereafter 
burns more efficiently in the gaseous form than the solid form as 
an electric or thermal energy source.259 This process of 
gasification improves efficient use of energy compared to 
otherwise extracting energy from the waste solids, and offers 
land-use benefits because the residual waste ash consumes less 
landfill space than the original waste sludge.260 Methane 
extracted from human waste can serve as the fuel for advanced 
fuel cell technologies to produce electricity for self-use or for 
wholesale export to the electric grid.261 Technology research is 
proceeding on a microbial fuel cell which will not only create 
electricity from the sewage, but also treat the residual waste 
material.262 
Methane emissions escaping to the atmosphere during 
wastewater treatment could be significantly reduced by 2050 
through currently available mitigation options, including 
anaerobic digesters at sewage processing facilities added 
anywhere in the world.263 While the economics of capturing 
methane, alone, can be compelling, it is possible for every 
country to prescribe and implement standards for their public 
and private wastewater systems.264 Structured correctly, this 
                                                        
 258. See J. van de Loosdrecht & J.W. Niemantsverdriet, Synthesis Gas to 
Hydrogen, Methanol and Synthetic Fuels, in CHEMICAL ENERGY STORAGE 443, 
443 (R. Schloegl ed., de Gruyter 2013). 
 259. See Biomass Gasification, U.S. DEP’T OF ENERGY (2005), 
https://web.archive.org/web/20120720013051/http://www1.eere.energy.gov/bio
mass/printable_versions/gasification.html. 
 260. See Brendan McAuley et al., A New Process for the Drying and 
Gasification of Sewage Sludge, 148 WATER ENGINEERING & MGMT. 18 (2001). 
 261. See Steven Ferrey, Converting Brownfield Environmental Negatives 
into Energy Positives, 34 B.C. ENVTL. AFF. L. REV. 417, 430 (2007).  
 262. See Gayle Ehrenman, From Foul to Fuel, 126 MECHANICAL 
ENGINEERING 32, 32–33 (2004). The device is a single-chambered Plexiglas 
device which is 6 inches long and 2.5 inches in diameter. Id. at 32. Inside of the 
chamber “eight graphite anodes surround a cathode that’s made up of a 
carbon/platinum catalyst and proton exchange membrane layer fused to a 
plastic support tube.” Id. A copper wire then connects to the circuit. Id. The 
MFC captures electrons which are released by the bacteria as they digest the 
organic matter and converts this into energy, and also removes about eighty 
(80) percent of the organic matter from the wastewater. Id. at 33. Since there is 
no oxygen used in the process this means that the methane does not need to be 
burned to produce energy, and therefore there can be more energy extracted 
from the process. 
 263. See THE WHITE HOUSE, supra note 15, at 92. 
 264. See id. 
166 MINN. J.L. SCI. & TECH. [Vol. 20 
 
would make a significant difference in climate warming, and 
could result in a cost-effective and long-term measure for 
recapturing usable fuel from facilities that are necessary for 
public health management in every nation. 265 
C. METHANE FROM THE COAL SECTOR 
Although methane typically is associated with natural gas, 
it also is released in gaseous form from both active and 
abandoned coal mines.266 This sector is significant: ten percent 
of human-related methane emissions came from the coal mining 
sector.267 
While use is declining dramatically in the U.S., coal remains 
by far the predominate fossil fuel used for electric production 
worldwide.268 More than eighty percent of the energy 
consumption increase in the future will be attributable to 
developing countries.269 Approximately two decades from now, 
energy consumption in developing countries is estimated to be 
more than twice as great as that in developed countries.270 In 
coal mining, commercially available technologies now can 
recover and reduce methane emissions, including installation of 
drainage and recovery methane systems installed in the coal 
seam, destruction of ventilation air-methane, and use of 
recovered gas for electricity or thermal application.271 
A report by the IGSD highlighted regulating emissions from 
coal mining as an important measure to reduce global methane 
emissions by thirty-eight percent.272 Globally, half of the 
                                                        
 265. See GLOB. METHANE INITIATIVE, MUNICIPAL WASTEWATER METHANE: 
REDUCING EMISSIONS, ADVANCING RECOVERY AND USE OPPORTUNITIES (2013), 
https://www.globalmethane.org/documents/ww_fs_eng.pdf. 
 266. See Frequent Questions about Coal Mine Methane, U.S. ENVTL PROT. 
AGENCY, https://www.epa.gov/cmop/frequent-questions (last updated Nov. 30, 
2017). 
 267. See THE WHITE HOUSE, supra note 15, at 6 (stating because of the 
greater warming potential of methane, this is equivalent to approximately 56 
million tons of CO2 emissions in terms of warming). 
 268. See INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 83 fig. 
5–3. 
 269. See INTERNATIONAL ENERGY OUTLOOK 2013, supra note 19, at 9. 
 270. See id. 
 271. See THE WHITE HOUSE, supra note 15, at 90. 
 272. INST. FOR GOVERNANCE & SUSTAINABLE DEV., supra note 35, at 20–22 
tbl. 1. Additional mitigation measures listed in the report include: (1) 
controlling fugitive emissions from oil and gas production; (2) controlling 
fugitive emissions from long distance gas transmission; (3) capturing gas from 
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identified coal mine methane measures could be deployed at a 
cost that is less than the value of the captured methane 
globally.273 The economics regarding methane are different than 
for other GHGs: Approximately two-thirds of potential 
reductions in methane can be financed at a cost less than $250 
per metric ton captured, which is less than twenty-five percent 
the estimated value of climate change benefits accrued from 
climate mitigation, health improvements, and agricultural gains 
in production.274 A 2013 World Bank study also found that in 
developing countries alone, as much as 8.2 GtCO2-eq in methane 
emissions reductions are achievable by 2020 at less than $10 per 
ton in incremental cost financing.275 
The challenge is that traditional laws affecting coal mines 
are safety-based, rather than constructed to address 
environmental emissions. Coal-bed methane recovery 
technologies have been successfully implemented in Eastern 
Europe, Germany, Australia, Japan, and Great Britain.276 In the 
United States, efforts to capture and utilize coal-bed methane 
gas have intensified in the past ten years, and coal-bed methane 
development is now this country’s fastest growing natural gas 
resource.277 The successful measures include methane drainage 
and recovery systems, as well as control of ventilated air-
methane with subsequent use of the captured methane as 
fuel.278 
                                                        
municipal waste and landfills; (4) capturing gas from livestock manure; and (5) 
and intermittent aeration of constantly flooded rice paddies. 
 273. Id. at 40. 
 274. Id. at 14. 
 275. Id. at 40. 
 276. WORLD BANK GRP., ENERGY, TRANSP. & WATER DEP’T, ESM326/07, A 
STRATEGY OF COAL BED METHANE (CBM) AND COAL MINE METHANE (CMM) 
DEVELOPMENT AND UTILIZATION IN CHINA (2007), 
http://documents.worldbank.org/curated/en/740911468011444746/pdf/ESM326
0PAPER0C1bed0methane01PUBLIC1.pdf. 
 277. EPA, EPA 430-R-94-007, THE ENVIRONMENTAL AND ECONOMIC 
BENEFITS OF COALBED METHANE DEVELOPMENT IN APPALACHIA, at 14 (1994). 
See also Gary C. Bryner, Coalbed Methane Development: The Costs and Benefits 
of an Emerging Energy Resource, 43 NAT’L RES. J. 524 (2003). 
 278. See THE WHITE HOUSE, supra note 15, at 90; see also Karacan, C. Özgen 
et al., Coal Mine Methane: A Review of Capture and Utilization Practices with 
Benefits to Mining Safety and to Greenhouse Gas Reduction, 86 INT’L J. OF COAL 
GEOLOGY 121 (2011), 
https://www.cdc.gov/niosh/mining/UserFiles/works/pdfs/cmmar.pdf. 
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D. AGRICULTURAL METHANE 
In addition to human waste, there are significant 
agricultural methane emissions from livestock manure and 
enteric fermentation.279 Animals emit methane from their 
manure and their diets.280 Lack of manure management in all 
countries is a major cause of methane releases,281 accounting for 
more than 8 percent of U.S. methane emissions.282 As with 
wastewater treatment of human waste, anaerobic digesters, if 
they were deployed, would capture methane from agricultural 
waste to be used as a marketable energy fuel.283 
Certain low-tech options exist for any country: “[s]afe food 
additives like certain types of algae have the potential to 
significantly reduce methane production in livestock. Small-
scale anaerobic digesters can capture methane from waste and 
supply renewable energy for electricity and on-farm 
equipment.”284 However, the challenge for international policy is 
that the agricultural sector of the economy in most nations is 
very disaggregated and competitive, and with a large number of 
agricultural actors involved in the sector, achieving broad 
implementation internationally can be difficult.285 
In light of the multi-stakeholder, competitive, and 
disaggregated nature of the agricultural sector even in a 
developed, post-industrial economy, there has been limited 
action and related limited results.286 Despite demonstrated cost-
effective renewable biogas technologies, policy has not created 
traction for their implementation: 
Biogas systems are proven and effective technology to process organic 
waste and generate renewable energy. They can reduce the risk of 
potential air and water quality issues while providing additional 
                                                        
 279. U.S. ENVTL PROT. AGENCY, EPA 430-R-16-002, INVENTORY OF U.S. 
GREENHOUSE GAS EMISSIONS AND SINKS: 1990–2014, at 5-2, tbl. 5-1 (2016), 
https://www.epa.gov/sites/production/files/2016-04/documents/us-ghg-
inventory-2016-main-text.pdf. 
 280. See id. 
 281. See THE WHITE HOUSE, supra note 15, at 90–91. 
 282. EPA, supra note 279, tbll. ES-2. 
 283. THE WHITE HOUSE, supra note 15, at 91 (explaining that these 
practices have also raised questions about lower agricultural yields and profits). 
 284. Id. 
 285. Id. 
 286. Id. at 6. 
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revenue for the operation. Yet, there are still relatively few digesters 
in operation on farms across America.287 
More than 250 anaerobic digesters throughout the U.S. 
convert some of this waste to usable methane, which is then used 
to produce heat, power, and electricity.288 Animal manure is 
heated in a tank without oxygen, causing bacteria to break down 
and transform chemicals in the waste.289 The residuals include 
nitrogen-rich fertilizer.290 
Because of increasing world population and increasing 
demand for food, the prospect of reducing worldwide agricultural 
emissions of methane before 2050 in a very competitive world 
agricultural market must rely on technological innovation in 
animal diets, fertilizer use, and manure management.291 
V. INTERNATIONAL METHANE CONTROL MECHANISMS 
A. INVERSION OF INTERNATIONAL RESPONSIBILITY FOR 
METHANE 
Methane is a much more central and prominent carbon actor 
in real-time warming than the conventional international world 
view has calculated or acknowledged.292 Accurately monitoring 
methane emissions is a large part of the challenge, since sources 
are geographically and technologically diverse.293 Equally 
important is correctly calculating the amount of warming 
associated with methane in real time that causes actual climate-
related damage.294 
In international law, to reduce global warming gas 
emissions, there is a demarcation of responsibility negotiated 
                                                        
 287. Id. 
 288. See EPA, AgSTAR Data and Trends, U.S. EPA, 
https://www.epa.gov/agstar/agstar-data-and-trends (last updated June 20, 
2018). 
 289. What is Anaerobic Digestion?, AMERICAN BIOGAS COUNCIL, 
https://www.americanbiogascouncil.org/biogas_what.asp (last visited Sept. 22, 
2017). 
 290. Id.; see also PAUL GREENE, NAT. SYS. UTIL., ANAEROBIC DIGESTION & 
BIOGAS, (rev. 4, July 1, 2015), 
https://www.americanbiogascouncil.org/pdf/paulgreene.pdf. 
 291. THE WHITE HOUSE, supra note 15, at 90. 
 292. See id. at 89 (explaining that “at trapping heat . . . methane is 28-36 
times more powerful than CO2”). 
 293. Id. at 3, 88, 90; 
 294. Id. at 3.68, at 3. 
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between developed and developing countries in the world.295 And 
in these international negotiations,, the political and legal 
dynamics are different. Recent carbon dioxide emission 
increases principally are linked to escalating fossil fuel use in 
developing countries; flipped in responsibility, recent increases 
in methane emissions are substantially a developed country 
phenomenon, related to increased natural gas usage, and an 
international multi-country phenomenon related to lack of 
climate-conscious waste management across the world.296 To the 
degree that greater methane release is associated with new 
fracking of natural gas in the past decade, technology-sharing of 
new horizontal fracking technologies with other countries may 
greatly exacerbate gas extraction and associated methane leaks 
worldwide, resulting commensurately in greater climate change 
from that methane release and the burning of more fossil fuel.297 
1. The Kyoto Protocol and the 2015 Paris COP-21 Agreement 
There is a multi-decade-long debate between developed and 
developing countries as to whether developing countries should 
have to participate at all or on a commensurate level in global 
warming mitigation. One can legitimately argue, and many 
countries do,298 about whether the challenge of carbon dioxide 
mitigation should be placed on developed countries or on all 
countries, including developing nations. The former emit more 
emissions per capita; however, the latter are responsible for the 
21st century’s current and projected expected dramatic increases 
in total GHG emissions.299 
Carbon dioxide and methane emissions are covered by the 
U.N. Framework Convention on Climate Change in 1992 and the 
Kyoto Convention of the Parties in 1997.300 The Kyoto Treaty on 
                                                        
 295. Id. at 93–98. 
 296. Id. at 6. 
 297. See INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 9 
(explaining that “with the newly available natural gas resources. . . [f]rom 2012 
to 2040, world natural gas demand increases in all end-use sectors”). 
 298. See infra Section V.A.2. 
 299. See INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 139. 
 300. CHRISTIAN N. JARDINE ET AL., ENVTL. CHANGE INST., METHANE AND 
CLIMATE CHANGE, 10–12 (describing The Kyoto Protocol, which was adopted in 
1997 at the third session of the Conference of the Parties (COP 3) associated 
with the United Nations UNFCCC in Kyoto, Japan); See Kyoto Protocol to the 
United Nations Framework Convention to Climate Change, Dec. 11, 1997, 1771 
U.N.T.S. 107. 
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GHGs requires reduction of six GHGs, which include methane, 
nitrous oxides, carbon dioxide, HFCs, PFCs, and sulfur 
hexafluoride.301 Carbon dioxide and methane were agreed to be 
reduced to seven percent below their 1990 baseline levels by 
2012.302 The world is already well past 2012, and GHG emissions 
have increased significantly worldwide rather than decreased.303 
Under the Kyoto Protocol, thirty-seven “Annex I” states, 
consisting of industrialized countries and the European 
community (including twenty-seven members of the European 
Union, plus eight other non-European Union nations in Europe 
including Belarus, Iceland, Liechtenstein, Norway, Switzerland, 
and Ukraine), as well as Australia, Canada (which subsequently 
withdrew from the Protocol in 2011 before the end of Kyoto’s 
second phase ending in 2012),304 Japan, New Zealand, and 
Turkey, initially imposed GHG emission limitation and 
reduction commitments.305 The remaining 155 developing 
countries among the 192 Kyoto Protocol signatories, including 
the largest GHG emitter among all nations, had non-binding 
generic undertakings to limit emissions.306 Emission trading 
among industrial nations is allowed to realize these goals.307 
                                                        
 301. Id. at 9. 
 302. Glenn Kessler, John Kerry’s misfire on U.S. performance on Kyoto 
emissions targets, WASHINGTON POST, (May 30, 2013), 
https://www.washingtonpost.com/blogs/fact-checker/post/john-kerrys-misfire-
on-us-performance-on-kyoto-emissions-targets/2013/05/29/9a063d84-c8af-
11e2-8da7-d274bc611a47_blog.html?utm_term=.e3a19c6c5e15. 
 303. See Fred Pearce, What is Causing the Recent Rise in Methane 
Emissions, YALE ENV’T 360, (Oct. 25 2016), 
http://e360.yale.edu/features/methane_riddle_what_is_causing_the_rise_in_e
missions; Global Greenhouse Gas Emissions Increased 75% since 1970, PBL 
NETH. ENVTL. ASSESSMENT AGENCY, (Nov. 13, 2006), 
http://www.pbl.nl/en/dossiers/Climatechange/TrendGHGemissions1990-2004. 
 304. Canada pulls out of Kyoto protocol, THE GUARDIAN, December 12, 2011, 
https://www.theguardian.com/environment/2011/dec/13/canada-pulls-out-
kyoto-protocol. 
 305. See Annex I party, UNITED NATIONS TERMINOLOGY DATABASE, 
https://untermportal.un.org/UNTERM/Display/record/UNHQ/Annex_I_party/9
66266370FBB29AA8525749800585EBD (last visited Oct. 20, 2018). 
 306. See UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE CHANGE, 
FACT SHEET: THE KYOTO PROTOCOL 1 (Feb. 2011), 
https://unfccc.int/files/press/backgrounders/application/pdf/fact_sheet_the_kyo
to_protocol.pdf. 
 307. See United Nations Framework Convention on Climate Change, Essence 
and Goals, The Kyoto Protocol, 
https://www.mtholyoke.edu/~danov20d/site/goals.htm (last visited Oct. 21, 
2018); See also Natural Capital Partners, Project Browser, 
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Internationally, as one examines GHG emission reduction, there 
is a risk of emissions “leakage” as similar or substitute products 
instead are produced in the 155 non-regulated countries rather 
than the 37 regulated Kyoto Protocol countries, particularly for 
high-trade manufactured, agricultural, and forestry products 
which trade internationally.308 
The 155 not-compelled Kyoto Protocol signatories have 
resisted any binding GHG emission reduction or stabilization 
commitments; at the 2009 Copenhagen COP conference, China, 
India, and other developing countries refused to support any 
international climate compliance mechanisms affecting them.309 
During the G8 international summit in 2009, India and China 
rejected any enforceable controls on their rapidly inflating 
carbon emissions.310 Since then, neither the COP-16 in 2010 in 
Cancun, Mexico, nor the COP-20 in Lima, Peru in 2014, nor the 
COP-21 in Paris, France, nor the COP-22 in 2016 in Marrakech, 
nor the COP-23 in Bonn in 2017, nor the COP-24 in Poland in 
2018 (at which it was deemed essential as the deadline to work 
out all details), were successful in agreeing to any enforceable 
requirement on countries for emissions of climate warming 
gases to ensure compliance of any nation that fails to achieve its 
reductions or violates any provision of the Protocol or the Paris 
Agreement.311 The Kyoto Protocol and its 2015 Paris Agreement 
                                                        
https://www.naturalcapitalpartners.com/projects (last visited Oct. 21, 2018) 
(allowing a potential purchaser of emission reduction credits to click through 
information on dozens of projects throughout uncapped regions, such as China, 
Africa, and Indonesia); id. (allowing a potential purchaser of emission reduction 
credits to click through information on dozens of projects throughout uncapped 
regions, such as China, Africa, and Indonesia). 
 308. THE WHITE HOUSE, supra note 15, at 96. 
 309. See generally David Hunter, Implications of the Copenhagen Accord for 
Global Climate Governance, 10 SUSTAINABLE DEV. LAW & POL’Y 2, 4 (2010). 
 310. See James Kirkup, G8 Summit: China and India Reject G8 Calls for 
Climate Targets, TELEGRAPH (July 8, 2009, 7:33 PM), 
http://i.telegraph.co.uk/news/worldnews/g8/5780617/G8-summit-China-and-
India-reject-G8-calls-for-climate-targets.html. See also Quirin Schiermeier, G8 
Leaders Fail to Agree on Carbon Cuts Before 2050, NATURE, (July 9, 2009), 
http://www.nature.com/news/2009/090709/full/news.2009.660.html. 
 311. See MONASH UNIVERSITY, What did we learn from the U.N. Climate 
Change Conference?, THE GUARDIAN, https://www.theguardian.com/monash-
university-pursuit-of-knowledge/2017/dec/15/what-did-we-learn-from-the-un-
climate-change-conference (last visited Oct. 25, 2018) (“Ever since the 
Copenhagen summit in 2009, climate change conferences have suffered from 
the tyranny of low expectations.”); Climate Change 2001:The Scientific Basis, 
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progeny, after three additional COP international conferences 
since Paris in 2015, remain voluntary and unenforceable.312 
With warming, where impacts are global rather than local, 
the world is wrapped in a complex and simultaneous climate 
equation. Climate change mitigation must truly be a global 
effort of every nation: Even if all OECD countries could achieve 
a Herculean reduction of eighty percent of their prior GHG 
emissions by 2050, this would not achieve the Kyoto Protocol  or 
Paris 2015 targets or goals without similar vigorous 
participation by developing countries.313 
                                                        
IPCC (J.T. Houghton et al. eds. 2001), 
https://www.ipcc.ch/ipccreports/tar/wg1/pdf/WGI_TAR_full_report.pdf. 
 312. The Kyoto Protocol has no compulsory mechanism to enforce any 
restriction or penalty against any signatory country that fails to achieve its 
carbon quota. See generally UNFCCC, Kyoto Protocol to the United Nations 
Framework Convention on Climate Change, (1998), 
http://unfccc.int/resource/docs/convkp/kpeng.pdf (stating the program is lacking 
enforcement mechanisms). 
 313. Mohamed T. El-Ashry, An Overview of this Issue: Framework for a Post-
Kyoto Climate Change Agreement, 8 Am. U. Sustainable Dev. L. & Pol’y 2, 2 
(2008). 
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Figure 13. Climate Commitments of Major U.S. Trade 
Partners314 
 
The current climate commitments of U.S. trading partners 
are displayed in Figure 13, from most significant to least 
significant, moving clockwise around the figure.315 The 
commitments of different countries are stated in very different 
and non-comparable metrics, ranging from reductions by 
different countries from the 2005, 2000, or 1990 baseline 
emissions amounts, to a reduction measured against a yet-to-be-
determined business-as-usual baseline.316 The GHG reduction 
pledges from the recent Paris Agreement are in different 
baselines, metrics, and time periods that are difficult to 
compare: “They’re very difficult to quantify, they’re difficult to 
compare and they’re very difficult to aggregate.”317 In light of 
                                                        
 314. THE WHITE HOUSE, supra note 15, at 94 fig.7.1. 
 315. Id. 
 316. Id. 
 317. Andrew Childers, Climate Harm ‘Inevitable,’ More Cuts Needed, 
Holdren Says, ENERGY & ENV’T REP., (July 12, 2016), 
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each national goal and commitment being voluntary and 
unenforceable, international realization is far from assured.318 
In 2009, the U.N. forecasted the seriousness of coming 
“tipping points that are irreversible within the time span of our 
current civilization.”319 Waiting two or three years from present 
day, 2019, to stop the “growth of greenhouse gas emissions” 
could make it nearly impossible to avoid catastrophic effects of 
warming.320 According to Dr. John Holdren, Director of the 
White House Office of Science and Technology Policy during the 
Obama Administration, if U.S. GHG emissions somehow had 
been proactively addressed so as to have plateaued by 2015, 
instead of continuing to increase globally, we would already have 
reduced our chances of avoiding climate catastrophes by fifty 
percent.321 Recent data shows that GHG emissions have not 
been demonstrably reduced in some major world economies even 
after the recession of 2009.322 
The Paris Agreement of the Conference of the Parties, which 
included 186 world countries in December 2015, agreed to hold 
“the increase in the global average temperature to well below 
2°C above pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.5°C above pre-industrial levels, 
recognizing that this would significantly reduce the risks and 
impacts of climate change.”323 This holding may be moot before 
it is implemented; to reach this goal would require an estimated 
investment of $12 trillion.324 The world is not on pace to 
                                                        
https://www.bna.com/climate-harm-inevitablemore-n73014444086/ (quoting 
Jacob Werksman, principal adviser at the European Commission). 
 318. See e.g., Kyoto Protocol to the U.N. Framework Convention on Climate 
Change, supra note 312 (lacking compulsory mechanisms to enforce any 
restriction or penalty against any signatory country that fails to achieve its 
carbon quota). 
 319. New Science and Developments in our Changing Environment, supra 
note 2, at 21. 
 320. Robin Chase, Get Real on Global Warming Goals, BOSTON GLOBE, Apr. 
22, 2008, at 15A, 2008 WLNR 7474940. 
 321. Id. 
 322. JOS G.J. OLIVIER ET AL., EUROPEAN UNION JOINT RESEARCH CENTRE, 
TRENDS IN GLOBAL CO2 EMISSIONS: 2015 REPORT 27 (2015). 
 323. United Nations Framework Convention on Climate Change, 
Conference of the Parties, Paris Agreement, art. 2.1(a), Dec. 12, 2015, U.N. Doc. 
FCCC/CP/2015/L.9/Rev.1, 
https://unfccc.int/resource/docs/2015/cop21/eng/l09r01.pdf. 
 324. Andrea Vittorio, Climate Deal Requires Trillions More in Investment, 
ENV’T & ENERGY REP. (Jan. 27, 2016). 
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maintain anything close to a 1.5-2°C temperature increase, but 
is rather on a path to reach a temperature increase of at least 
4°C.325 
2. The Kyoto International Clean Development Mechanism 
Certain secondary international mechanisms still link 
developed and developing countries. 326 The UNFCCC Kyoto 
Protocol Clean Development Mechanism (CDM)327 allows 
projects which reduce GHGs in developing nations to earn 
tradable certified emission reduction credits (CERs) for each ton 
of carbon dioxide-equivalent of GHG reduced by a qualified and 
pre-certified investment activity.328 Those CERs are then traded 
or sold to regulated entities conducting activities in UNFCCC 
Annex I developed countries which require emission credits and 
which, through this CER purchase, simultaneously increase 
their countries’ emission caps allocated in the international 
Protocol.329 CER credits generate value for a maximum of seven 
years with two renewals (twenty-one total years), or in the 
                                                        
 325. THE WHITE HOUSE, supra note 15, at 4; Climate Action Tracker, 2100 
Projections (December 2018)(“ In the absence of policies global warming is 
expected, to reach 4.1 °C – 4.8 °C above pre-industrial by the end of the 
century . . . .optimistic scenario . . . median warming estimate is 3.0°C . . . 
There remains a substantial gap between what governments have promised to 
do and the total level of actions they have undertaken to date. Furthermore, 
both the current policy and pledge trajectories lie well above emissions 
pathways consistent with the Paris Agreement long-term temperature goal.,”), 
https://climateactiontracker.org/global/temperatures/. 
 326. See Eric J. Lyman, “Progress” of Bangkok Talks Shows Much Still to be 
Done for 2009 Global Agreement, 39 ENV’T & ENERGY REP. (Apr. 8, 2008), 
http://esweb.bna.com/eslw/1245/split_display.adp?fedfid=7162098&vname=de
nnotallissues&split=0 (discussing Joint Implementation and the Clean 
Development Mechanism); See also UNFCCC, Joint Implementation, U.N., 
http://unfccc.int/kyoto_protocol/mechanisms/joint_implementation/items/1674.
php (last visited Oct. 17, 2018) (discussing Joint Implementation). 
 327. See generally UNFCCC, The Clean Development Mechanism, 
http://cdm.unfccc.int/index.html (last visited Oct. 17, 2018) (discussing Clean 
Development Mechanism). 
 328. Kyoto Protocol to the U.N. Framework Convention on Climate Change, 
supra note 312, at art. 12(3)(a); UNFCCC, Conference of the Parties on Its 
Seventh Session, annex ¶ 1(b), U.N. Doc. FCCC/CP/2001/13/Add.2 (Jan. 21, 
2002) [hereinafter Marrakesh Accords]. 
 329. See Kyoto Protocol to the UNFCCC, supra note 312, at art. 12(3)(b); See 
also Marrakesh Accords, supra note 328, at ¶ 15(a)–(b) (deciding that share of 
proceeds shall be two percent of CERs issued for a clean development 
mechanism activity were eligible to be carried over to the second phase of 
implementation after 2002). 
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alternative, for a maximum of ten years with no renewal.330 
Under the Kyoto Protocol, CDM CERs can be used to satisfy up 
to two percent of a European Union country regulated industry 
party’s GHG annual emissions under E.U. law.331 
Despite this design, worldwide sustainable renewable 
energy projects account for approximately twenty-eight percent 
of CDM CERs; nineteen percent of CERs are for methane flaring 
projects that produce no electricity, mostly located at large 
landfills, coal mines, and concentrated animal feeding 
operations.332 Developers of CDM projects in developing nations 
are trapping methane emissions, which are a usable fuel, and 
flaring it, without using it for renewable electricity in the 
process, because the CDM system does not require such 
renewable energy use best practices.333 “Even in the U.S., 
methane is being flared to garner various Clean Air Act offsets, 
even though such flaring is not ‘additional’ and could create 
power resources rather than being flared as a waste material.”334 
“Because one receives 2100 percent or more greater CDM credits 
by simply flaring methane to convert it to by-product carbon 
dioxide,”335 many certified CDM projects do this with agricultural 
                                                        
 330. See Marrakesh Accords, supra note 328, at ¶ 49(a)–(b). 
 331. Council Directive 2003/97, 2003, O.J. (L. 275) 32 (EC). The European 
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67, 92 n.204 (2010) [hereinafter Ferrey, The Failure of International Global 
Warming Regulation]. 
178 MINN. J.L. SCI. & TECH. [Vol. 20 
 
methane, thus taking the credits rather than making the effort 
to use the methane as a renewable/waste fuel source.336 In the 
flaring process, it is not used to produce electricity, which is 
otherwise locally supplied, typically by traditional fossil-fuel-
fired sources.337 
The international miscalculation regarding the importance 
of methane emissions on climate warming has contributed to the 
incentives in the international CDM program which includes 
failing to achieve the most cost-efficient and long-term capture 
and use of methane. By valuing methane reduction at the 
traditional and incorrect approximately twenty-one-times 
multiplier compared to the reduction of carbon dioxide 
emissions, real-time accurate financial incentives for methane 
reduction within the CDM program are reduced by two-thirds of 
their true, actual climate-changing value to the environment 
and climate control.338 In the CDM program, the private 
investment that finances each project is attracted to the most 
mathematically lucrative carbon reduction, which is 
dramatically understated for methane and dramatically 
undervalues methane’s climate impact.339 
The Kyoto CDM credits only provide financial benefits 
within the international Protocol for ten to twenty-one years,340 
which happens to correspond exactly to the range of the actual 
time line of methane’s real effects in the atmosphere.341 
Improper calculation of methane’s real-time warming impact 
creates a misaligned existing international climate system, 
creating incorrect financial incentives for the wrong climate 
mitigation options.342 
                                                        
 336. Id. (quoting WORLD BANK, INTERNATIONAL TRADE AND CLIMATE 
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 338. See supra notes 27–34 and accompanying text (discussing the major 
policy miscalculation of methane due to incorrect math and science and the 
failure of creating a sufficient platform). 
 339. Id. 
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Regulatory Reforms to Reset the Global Thermostat, 28 UCLA J. ENVTL. L. & 
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Figure 14. Approximate Life of Various Capital 
Stock 
 
Currently, and likely forever, energy use is and will remain 
the principal driver of climate change.343 More than eighty 
percent of future energy consumption increases will come from 
developing countries.344 By 2040, energy consumption in 
developing countries is projected to be more than twice as much 
as that in developed countries.345 In the next five years, there 
will be a massive investment in electrification projects in 
developing nations to satisfy demand.346 Once installed, those 
power facilities will remain in place operating for thirty to forty 
years at least.347 International policy and law must now properly 
                                                        
 343. See supra Figure 5; See also Climate change-driving forces, EUROSTAT 
(Feb. 2017), http://ec.europa.eu/eurostat/statistics-
explained/index.php/Climate_change_-_driving_forces (explaining how GHG 
emissions have decreased since 1990 mainly due to energy efficiency and less 
carbon intensive fuels such as renewables); supra Section III.A. 
 344. INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 9. 
 345. Id. 
 346. Wara, supra note 332, at 1790–92. 
 347. See HC Science and Technology Comm., Meeting UK Energy and 
Climate Needs: The Role of Carbon Capture and Storage, at 2, HC 1036 (April 
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value and accurately motivate sustainable energy choices in 
developing countries so that these forty-year energy 
infrastructure investments, as shown in Figure 14,348 will be 
motivated to reflect actual real-time protection of the climate. 
The World Bank in 2013 announced that it would provide 
money for new, greenfield coal-fired power stations “only in rare 
circumstances,” such as where countries have no feasible 
alternative to coal and lack financing for coal power, or where 
coal projects will incorporate carbon capture and storage.349 The 
U.S. Senate, by a vote of sixty-four to twenty-nine, overturned 
an Obama Administration regulation that allowed the U.S. 
Export-Import Bank to deny an application for financing based 
on the source of energy used for the project, designed to not fund 
new coal-fired power plants overseas350 Henceforth, U.S. support 
cannot be blocked from developing country preferences for new 
coal-fired power plants, even as coal use quickly declines 
dramatically in the U.S.351 
Two factors provide both the economic and policy 
mechanisms needed to cause a shift in electric energy generation 
infrastructure from use of coal to renewable power.352 First, 
                                                        
2006); Ray Purdy, The Legal Implications Of Carbon Capture And Storage 
Under The Sea, 7 SUSTAINABLE DEV. L. & POL’Y 1, 23 (2006). 
 348. THE WHITE HOUSE, supra note 15, at 45 Figure 4.4. 
 349. Murray Griffin, Australian Energy Efficiency Plan Criticizes World 
Bank Stance on Coal-Fired Power, 38 BLOOMBERG BNA 485 (2015), http://0-
news.bna.com.library.law.suffolk.edu/clln/CLLNWB/split_display.adp?fedfid=
66526844&vname=ccrnotallissues&jd=a0g4w7j2t8&split=0. 
 350. Dean Scott, Hurdles Seen in Reversing Overseas Coal Ban, 15 
BLOOMBERG L. A-19 (2015), 
https://www.bloomberglaw.com/product/blaw/document/XAHDSM1O000000/d
ownload?documentName=XAHDSM1O000000.PDF&fmt=pdf. 
 351. Id. 
 352. Steven Ferrey, International Alchemy within the Post-Copenhagen 
World: Transforming Critical Infrastructure Across Two Hundred Divergent 
Economies, 34 HASTINGS INT’L & COMP. L. REV. 303, 308 (2011) [hereinafter 
Ferrey, International Alchemy] (discussing the science and international legal 
protocol of global warming while charting the proven and successful ways in 
which fast growing Asia has used certain template techniques). See also Tom 
Randall, Fossil Fuels Just Lost the Race Against Renewables: This is the 
Beginning of the End, BLOOMBERG NEWS ENTERPRISE (Apr. 14, 2015, 3:27 PM), 
https://www.bloomberg.com/news/articles/2015-04-14/fossil-fuels-just-lost-the-
race-against-renewables (discussing how the world has been adding more 
capacity for renewable power each year). See generally STEVEN FERREY WITH 
ANIL CABRAAL, RENEWABLE POWER IN DEVELOPING COUNTRIES: WINNING THE 
WAR ON GLOBAL WARMING (2006) (discussing how six developing Asian 
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there is a demonstrated and proven template to implement 
sustainable renewable energy policy and deployment in 
developing countries, and the template’s legal and regulatory 
structure is documented.353 This template has been applied 
successfully for two decades in several diverse developing 
countries which employ a wide variety of government systems, 
utilize different sources for power generation, and have different 
types of structures for their utilities.354 Second, since 2013, the 
world has added more electric capacity from renewable and 
nuclear power each year than from coal, natural gas, and oil 
combined.355 With current subsidies, “the price of wind and solar 
power continues to plummet, and is now on par or cheaper than 
grid electricity in many areas of the world.”356 Moreover, the 
largest international wealth transfer in history is pledged to 
developing countries to begin in 2020, which could be targeted to 
support renewable power infrastructure, as examined next.357 
3. Unprecedented International Financial Transfers 
To finance GHG mitigation and adaptation mechanisms in 
developing countries, developed countries have committed to the 
largest sustained international transfer of wealth in history: A 
commitment of an additional $100 billion/year of foreign aid 
continuing indefinitely for the explicit purpose of dealing with 
global warming risk.358 The U.N. Conference of Parties in 
Copenhagen set a goal of mobilizing $100 billion per year by 
2020 to support mitigation and adaptation activities in 
developing countries, plus $30 billion USD in “fast start” finance 
during 2010–2012.359 This was reinforced in the 2015 Paris 
Conference of Parties Agreement, and is an unprecedented 
amount of wealth transfer.360 For context of the magnitude of 
this, the total annual United Nations budget is $1.9 billion 
                                                        
countries are taking head on electric power development and global warming 
issues with successful alternative energy programs). 
 353. Ferrey, International Alchemy, supra note 352 at 311. 
 354. Id. at 312. 
 355. Randall, supra note 352. 
 356. Id. 
 357. U.N. Secretary-General, Report of the High-level Advisory Group on 
Climate Change Financing, ¶ 7, (Nov. 5, 2010). 
 358. Id. ¶ 3. 
 359. Id. ¶ 7. 
 360. See The Paris Agreement on Climate Change, NRDC (Dec. 2015), 
https://www.nrdc.org/sites/default/files/paris-climate-agreement-IB.pdf. 
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annually, and added peacekeeping operations raise annual 
expenditures to $15 billion.361 
Others suggest that even this massive transfer will not be 
enough: richer nations need to provide $400 billion to $2 trillion 
a year to the developing world by 2050 to help cut GHGs and 
fight climate change, according to a study by the London School 
of Economics.362 Wealthier countries, in 2017 before the U.S. 
announced its planned withdrawal from the Paris Accord, 
promised to deliver an annual $100 billion by 2020, from private 
sources as well as public sources.363 India, the world’s third most 
significant emitter of carbon, offered to make sharper cuts in 
emissions only if rich nations pay it to do so.364 United Nations 
Secretary-General Ban Ki-moon stated that “Investors and 
businesses that redirect resources to low-carbon, climate-
resilient growth will be the economic powerhouses of the 21st 
                                                        
 361. See Questions & Answers about the United Nations, UNITED NATIONS 
(Oct. 5, 2008), http://www.un.org:80/geninfo/ir/index.asp?id=150 
[https://web.archive.org/web/20081005165849/http://www.un.org/geninfo/ir/ind
ex.asp?id=150]. This figure excludes expenditures of the World Bank and 
International Monetary Fund. Id. About half of this latter amount comes from 
mandatory UN assessments, and the other half from voluntary donations by 
member nations. Id. For the current year payments, see Contributions received 
for 2018 for the United Nations Regular Budget, UNITED NATIONS, 
http://www.un.org/en/ga/contributions/honourroll.shtml (last visited Oct. 27, 
2018). 
 362. Alex Morales, At Least $400 Billion in Climate Aid Needed for 
Developing Nations a Year, Study Says, BLOOMBERG L. (Mar. 16, 2015, 11:00 
PM), 
https://www.bloomberglaw.com/document/XA9FHB7C000000?bna_news_filter
=environment-and-
energy&jcsearch=BNA%25200000016071d7dc0fa5f0f3ffab1b0000#jcite. 
 363. Dean Scott, Climate Aid Should Go to Pressing Needs in U.S.: Barrasso, 
BLOOMBERG L. (Feb. 24, 2016, 12:00 AM), 
https://www.bloomberglaw.com/document/X8G9O5L4000000?bna_news_filter=
environment-and-
energy&jcsearch=BNA%2520000001606ad6d44ca1f06eff6e880000#jcite. 
364. Uni Krishnan, India Tells Developed World It Will Impose More Cuts in 
Exchange for Cash, Technology, BLOOMBERG ENV’T (Mar. 26, 2015, 11:00 P.M.), 
https://news.bloombergenvironment.com/environment-and-energy/india-tells-
developed-world-it-will-impose-more-cuts-in-exchange-for-cash-technology 
India’s Environment Minister Prakash Javadekar stated that he may present 
the world with a choice ahead of the December Kyoto Protocol Conference of the 
Parties with the proposition that “The world has to decide what they want . . . . 
Every climate action has a cost. I can’t make my poor pay for somebody who has 
polluted the world.” 
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century . . . . Those that fail to do so will be on the losing side of 
history.”365 
The Financial Mechanism for the 2015 Paris COP 
Agreement does not cover the entire inflow and outflow of the 
$100 billion in annual funding; funding from countries can 
proceed, at donor discretion, through bilateral and multilateral 
channels.366 Since management of landfill and wastewater 
methane release issues have existed since the beginning of 
recorded history and show no signs of being eliminated,367 
devoting funds to landfill and wastewater methane emission 
mitigation is an ideal application of funds. Every country could 
be held responsible to manage its waste activities that create 
GHG releases. 
Limiting global warming to a no more than 2°C increase 
from pre-Industrial Revolution levels will require stabilizing and 
reducing GHG concentrations in the atmosphere.368 An official 
with the IPCC concluded that developed nations will need to 
slash carbon dioxide emissions almost entirely by eighty to 
ninety percent by 2050 to hold GHGs to 450 ppm in the 
atmosphere.369 
The ability of the U.S. to influence the rest of the world on 
climate change, either by example or through its financial 
influence, is not clear and remains to be determined. For 
example, President Obama ordered a bar on U.S. Export-Import 
Bank funding of overseas coal-fired power plants in developing 
nations unless they capture and store their carbon dioxide.370 
This did not survive: The Obama order on the Export-Import 
                                                        
 365. Eric J. Lyman, UN Climate Negotiations in Bonn Search for Common 
Ground, BLOOMBERG BNA (May 19, 2016), https://www.bna.com/un-climate-
negotiations-n57982072713/. 
 366. See Climate Finance, UNITED NATIONS FRAMEWORK CONVENTION ON 
CLIMATE CHANGE, 
http://unfccc.int/cooperation_and_support/financial_mechanism/items/2807.ph
p (last visited Oct. 27, 2018). 
 367. See U.N. Secretary-General, supra note 357, at 62. 
 368. See FERREY, ENVIRONMENTAL LAW, supra note 25, at 249. At such 
modest levels, the degree of warming is not expected to result in radical loss of 
ice sheet, sea level rise, and shift of agricultural areas. Id. 
 369. Ferrey, The Failure of International Global Warming Regulation, supra 
note 335, at 72. 
 370. Michael D. Shear, U.S. Says It Won’t Back New International Coal-
Fired Power Plants, N.Y. TIMES (Oct. 29, 2013), 
http://www.nytimes.com/2013/10/30/us/us-says-it-wont-back-new-
international-coal-fired-power-plants.html. 
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Bank was overturned in July 2015 when the U.S. Senate voted, 
sixty-four to twenty-nine, to bar the U.S. Export-Import Bank 
from denying an application for financing based on the source of 
energy used for the project.371 
And methane emissions, as the second most important (and 
underappreciated) warming chemical,372 must participate in 
proportionate amount with carbon dioxide to achieve such an 
unprecedented and massive amount of reduction. This will 
require a sharp reduction of emissions over the next generation, 
and to “near zero by 2100.”373 
B.  LEGAL IMPLEMENTATION FULCRUM POST-PARIS 
Methane must no longer be miscalculated in setting 
international policy and law.374 There are now atmospheric 
concentrations of GHGs at levels that have not been seen for 
almost a billion years.375 The Paris Agreement had the world 
agree to hold “the increase in the global average temperature to 
well below 2°C above pre-industrial levels.”376 However, there 
was no mandatory mechanism to institutionalize the 
Agreement.377 Now more than three years later, 
notwithstanding the Agreement, many world nations are now 
off-track from reaching that pledge; the world is on-track instead 
to reach a temperature increase of at least four degrees 
Celsius.378 This would represent a huge climate warming policy 
underachievement. 
Methane has been the critical missing chemical variable not 
realistically or appropriately factored into international climate 
                                                        
 371. See Dean Scott, supra note 350, at 1. 
 372. Michael C. MacCracken, Prospects for Future Climate Change and the 
Reasons for Early Action, 58 J. AIR & WASTE MGMT. ASS’N., 735, 739 (2008). 
 373. Id. at 735. 
 374. See discussion supra Section II. 
 375. See Intergovernmental Panel on Climate Change, supra note 47, at 11 
(showing the highest levels of the atmospheric concentrations of GHGs in at 
least the last 800,000 years). 
 376. Paris Agreement, supra note 23, at art. 2.1(a). 
 377. See, e.g., Ferrey, The Green Climate Fund, supra note 4, at 65 
(criticizing that the intended nationally determined contribution (INDC) 
pledges that different countries submitted are not legally binding and that there 
are no international enforcement mechanisms to penalize any country for 
noncompliance in its GHG emissions varying from its pledge). 
 378. Wang et al., Climate Change of 4◦C Global Warming above Pre-
industrial Levels, 35 ADVANCES IN ATMOSPHERIC SCI. 757, 757 (2018). 
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policy. Its warming impact in real time, vis-à-vis carbon dioxide, 
has been significantly underestimated to the degree of 
significant multiples by international officials and 
policymakers.379 Rather than being responsible for sixteen 
percent of climate warming changes over a hypothetical 100-
year period, as traditionally regarded in international policy, 
methane actually is responsible for 200–300 percent more than 
this until-now-assumed percentage of world climate impact in 
real time over any decade.380 
Jason Bordoff, founding director of Columbia University’s 
Center on Global Energy Policy, noted that the 2017 study by 
the International Energy Agency “reminded us how poor our 
understanding of the global [methane] issue is.”381 Analyzed 
correctly in real time, correct calculations elevate methane 
policy to the front line of international climate law.382 When 
every molecule of GHG emissions matters, international legal 
policy cannot continue to overlook up to forty percent of real-time 
global warming impact from the release of methane 
molecules.383 
Methane control is now elevated as a pressing climate issue, 
and unlike for carbon dioxide, for methane there are cost-
effective market solutions that can pay for its costs of 
implementation in various sectors of the world economy.384 
Methane molecules are distinct from all other GHG molecules in 
that they are not a waste product to be discarded, but instead 
constitute a valuable energy resource to power the modern 
                                                        
 379. See generally Romm, supra note 5 and accompanying text. 
 380. THE WHITE HOUSE, supra note 15, at 89. 
 381. Eric Roston, Environmentalists Plan to Launch a Methane-Sensing 
Satellite, BLOOMBERG L. (Apr. 12, 2018, 9:00 AM), 
https://news.bloomberglaw.com/environment-and-energy/environmentalists-
plan-to-launch-a-methane-sensing-satellite?context=article-related. 
 382. See McKibben, supra note 7 (explaining that understanding the 
methane data calculation will encourage different countries to reorient their 
climate policies to address methane leaks associated with fracking and to 
develop renewable energy sources). 
 383. CAL. ENV’T PROT. AGENCY, supra note 9. 
 384. See Aubuchon & Hibbard, supra note 191, at 1–2 (explaining that by 
capturing leaked natural gas that contains methane and other GHGs, natural 
gas distribution companies are able to supply gas a reducing rate and mitigate 
the social costs of carbon); see also supra Figure 4 (illustrating that reducing 
methane losses or gas pipeline leaks generates economic benefits by reducing 
the amount of gas that utilities buy and charge ratepayers for). See also, text at 
supra note 271. 
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economy.385 When burned for fuel, captured raw methane is 
converted to carbon dioxide while also displacing the need to 
combust other fossil fuel resources, the cumulative net effect on 
climate is reduction of chemical warming of the atmosphere by 
ninety-eight to ninety-nine percent.386 
The essential first order of international law and policy 
regarding methane is to understand the numbers and science.387 
More accurate monitoring of methane emissions across the globe 
is an essential priority and prerequisite for effective sustainable 
climate policy, given that methane emission sources are 
geographically dispersed in every country and technologically 
diverse in different sectors of the world economy.388 The 
monitoring technology is available: use of new satellite, aircraft, 
and drone capabilities can document methane leak detection and 
monitoring.389 
The Environmental Defense Fund, a non-governmental 
private organization, announced on April 11, 2018, that it will 
build and launch a satellite, planned for 2021, which will 
“measure major global sources of methane” emissions, including 
Concentrated Animal Feeding Operations discharges and 
emissions from landfills.390 Other methane monitoring satellites 
are already in orbit: the European Space Agency launched a 
sensing satellite in October 2017, and a Quebec company 
launched a carbon dioxide and methane sensing satellite in June 
2016.391 Once on-the-ground data are obtained, equally 
important is correctly calculating the amount of warming 
                                                        
 385. See id. 
 386. See Romm, supra note 5 (documenting that methane is twenty-eight to 
thirty-six times more warming than carbon dioxide over a 100-year time scale); 
see also Patti Nyman, Methane vs. Carbon Dioxide: A Greenhouse Gas 
Showdown, ONE GREEN PLANET (Sept. 30, 2014), 
http://www.onegreenplanet.org/animalsandnature/methane-vs-carbon-dioxide-
a-greenhouse-gas-showdown/ (comparing the global warming potential of 
methane to that of carbon dioxide). 
 387. See generally Fay, supra note 11 (demonstrating that with more 
accurate monitoring of carbon dioxide emissions, international players are able 
to set up long-term objectives and craft comprehensive policy packages). 
 388. See, e.g., FAOSTAT, Emissions by Sector, FOOD & AGRIC. ORG. OF THE 
UNITED NATIONS (Sept. 6, 2016) 
http://www.fao.org/faostat/en/#data/EM (documenting methane emission 
sources from ten sectors and 236 regions). 
 389. Roston, supra note 381. 
 390. Id. 
 391. Id. 
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associated with methane in real time that causes real climate 
damage. The ultimate challenge is legally implementing 
methane control, not a challenge of creating new technology.392 
The Institute for Governance and Sustainable Development 
report identified regulating emissions from coal mining as an 
important methane control measure.393 Coal mining occurs in 
many developing economies.394 Additional mitigation measures 
listed in the report include (1) controlling fugitive emissions 
from oil and gas production; (2) controlling fugitive emissions 
from long distance gas transmission; (3) capturing gas from 
municipal waste and landfills; (4) capturing gas from livestock 
manure; and (5) intermittent aeration of constantly flooded rice 
paddies.395 While each sector of methane emissions is distinct, 
this action protocol applies to any country in which fossil fuels of 
natural gas, oil, and/or coal are utilized, as well as to every 
country which has landfills and generates wastewater from 
human waste.396 Implementation of all these mitigation 
measures could provide immediate results and is capable of 
reducing methane emissions by approximately thirty-eight 
percent.397 
In the history of the use of modern energy sources, natural 
gas, with its methane molecules, was the last of the fossil fuels 
developed.398 Figure 6 tracks the use of all energy sources over 
the last 240 years spanning before and after the Industrial 
Revolution.399 Natural gas did not become a significant energy 
source compared to the other fossil fuels of coal and petroleum, 
until after World War II.400 Prior to that, natural gas emerging 
                                                        
 392. See supra note 377 and accompanying text. 
 393. INST. FOR GOVERNANCE & SUSTAINABLE DEV., supra note 35, at 20 
(explaining that such measure is “capable of reducing global methane emissions 
by ~38% and emissions of black carbon by ~77%.”). 
 394. INTERNATIONAL ENERGY OUTLOOK 2016, supra note 18, at 9–10. 
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 398. 15 U.S.C. § 717 (2005) (showing that the Natural Gas Policy Act, 
imposing federal regulation over interstate gas pipelines to distribute gas, was 
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 399. Supra Figure 6. 
 400. See supra Figure 10; see also U.S. Dep’t of Energy, The History of 
Natural Gas, FOSSIL ENERGY OFFICE OF COMMC’NS, 
https://fossil.energy.gov/education/energylessons/gas/gas_history.html 
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from oil wells was allowed to escape into the atmosphere, or in 
certain instances, was flared.401 It was not retained for its own 
energy value.402 Energy markets are now international: Even if 
U.S. coal use now decreases, there will likely not be a similar 
decrease in developing countries with which the U.S. 
participates in the coal export market.403 As long as some 
countries in the world continue or increase coal use, as many do, 
other countries will export climate-warming coal to them.404 
Because of increasing world population and increasing 
demand for food, the prospect of reducing worldwide agricultural 
emissions of methane before 2050 in the extremely competitive 
world agricultural market must rely on technological innovation 
applied in every country to animal diets, fertilizer use, and 
manure management.405 All of these essential reductions in 
methane emissions in each economic sector are possible only if 
the true real-time duration of methane and its impact are 
recognized by all relevant international bodies, and 
international law adapts to require implementation of fugitive 
methane reduction. 
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Time and space matter. In terms of time, an accurate “clock 
speed” of actual atmospheric climate change related to time and 
duration in the atmosphere must be assigned to the methane 
molecules emitted to the atmosphere globally by the 
approximately two hundred world nations, as set forth in this 
article. In terms of space, we live in a finite environment, and 
“the Earth is where we make our stand.”406 
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